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Friday, January 19, 1866. 

Sir 1Ienk\ Holland, Bart. M.D. D.C.L. F.K.S. President, 
in the Chair. 

John Tyndall, Esq. LL.D. F.R.S. 

Pro^c^60^ of Natural TLilobopliy, E.I. 


On Radiation and Absorption with reference to the Colour of Radies 
and their State of Aggregation. 

The speaker referred to the relation subsisting between the sensible 
pheiioiiKiia'of nature, and those processes lying beyond the range of 
tlie senses, on which tlie plienomena immediately depend. He spoke 
of the function of the iniaginalion in picturing operations, wliicli though 
great in tlieir aggregate results beyond all conception, are too 
minute individually to be capable of observation. He referred to 
the luminiferous ether that fills space as the most striking illustration 
hitherto known of the production of a line of thought from the domain 
of the seiihos into that of the imagination, and affirmed the existence 
of this wonderful inediuin to be based upon proofs at least as strong 
as those which sustain the theory of gravitation. 

Dwelling briefly on the relation of this ether to the atoms and 
molecules which are plunged in it, he illustrated, by reference to the 
phenomena of sound, the difference between good and bad radiators. 
A naked tuning-fork vibrating in free air imparted so small an amount 
of motion to the air that it ceased to be heard as sound at an incon- 
siderable distance ; the same tuning-fork brought into union with its 
resonant case produced a sound which could be heard by thousands at 
once. The naked fork was a bad radiator, the combined fork and case 
was a powerful radiator. This combination of the fork and its case, as 
regards sound, roughly represent'd the influence of chemical combina- 
tion as regards radiant heat. By the act of combination the power of 
the combining atoms as radiators might be augmented ten thousand- 
fold. As an example of this the vaimur of water was selected ; and it 
was affirmed that a pound of this vapour taken to the top of a high 
mountain, there heated and exposed before the cloudless heaven, would 
radiate nine or ten thousand times — possibly twenty thousand times — as 
much heat into stellar space as could be radiated by either of the con- 
stituents of the vapour when uncoiubined. 
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The speaker also referred to the well-known analogy between the 
pitch of a sound and the colour of light, and throwing a large spectrum 
upon a white screen mentioned the relation between the various colours 
to the rapidity of ethereal vibration. The space from the red to the blue 
embraced an infinite number of rates of vibration, gradually and con- 
tinuously shortening without any interruption. It miglit be typified by 
an infinite number of tuning-forks of gradually augmenting pitch, and 
all sounding at the same time. This spectrum wf\s derived from the 
carbon points of the electric light ; but it was shown that in the case of 
various other incandescent substances tlie spectrum was not of this con- 
tinuous character. The magnificent stream of green light produced 
by the volatilization of silver in the electric lamp was shown upon a 
screen, and afterwards the light was analyzed and found to produce two 
bands of brilliant green, differing but slightly from each other in 
refrangibility. Here the case is typified, not by an infinite number of 
tuning-forks, but by two tuning-forks of slightly different pitch. And 
just as the rate of vibration in the case of the tuning-fork is a fixed 
rate, so the rate of vibration of the atoms of silver vapour were fixed. 
And as the colour of the vapour depended on its rate of atomic vibra- 
tion, the constancy of this rate secured the constancy of colour in the 
vapour. We cannot make the vapour of silver white hot^ however we 
may exalt its temperature. We may augment the brilliancy of the 
particular rays that it emits, but we cannot cause it to emit that variety 
of rays the blending of which together produces the impression of 
white. 

Like the vapour of silver the vapour of water has also its definite 
periods of vibration ; and they are not such as to enable the vapour, 
however high its temperature may be raised, to emit a white light. It 
can hardly be said to emit any light at all. The flame of hydrogen, 
for example, is composed of intensely heated aqueous vapour, but it is 
hardly visible ; and it is easy to give the vapour of water a temperature 
sufficient to raise n solid body placed in the vapour to a bright red 
heat, while the vapour itself remains absolutely dark. Now the powers 
of mdiation and absorption go hand in hand, and the body which 
cannot emit luminous rays is incompetent to absorb them. Thus the 
sun’s luminous rays pass freely through the aqueous vapour of our 
atmosphere *, while it is the impediment offered by this same vapour to 
the radiation from the earth which checks the sudden drain of terrestrial 
heat, and thus renders our planet inhabitable. 

This power of electric absorption was illustrated by the action of 
two tuning-forks which sounded the same note. Both forks being 
mounted on their resonant stands, one of them was first sounded. The 
silent fork was then brought near the sounding one, and held near it 
for five seconds. The vibrations of the excited fork were then 
quenched, but the sound did not cease to be heard. In fa^t the silent 
fork had takeQ up the vibrations of its neighbour, and continued to 
sound after the latter had ceased to vibrate. Again, one fork being 
permitted to remain upon its stand, the other was diamlounted and 
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thrown into strong vibration. Detached from its stand, its sound was 
too feeble to be heard by the audience ; but on bringing it near the 
mounted fork a mellow sound rose which filled the room. Thus the 
vibrations of the one fork were transmitted through the air and imparted 
to the other. To effect this transference it was necessitry that the forks 
should be in perfect unison : the fixing upon either of them of a bit of 
wax not larger than a pea was sufficient to destroy the power of the 
forks to influence each other. 

Thus one sounding body absorbs the vibration of another sounding 
body with which it is in unison ; and here we have in acoustics the 
representative of that great principle which in optics lies at the base of 
spectrum analysis, namely, that bodies absorb those rays which they can 
themselves emit. Thus green vapour of silver if interposed in the path 
of a beam of white light, will absorb the green which it can itself emit. 
Thus also the incandescent vapour of sodium, itself intensely yellow, cuts 
clearly out the yellow band of the spectrum. And the same is true of 
aqueous vapour. Its periods of vibration synchronize with those of the 
rays, or more accurately waves^ emitted by the warmed earth, and hence 
its power to intercept those waves by taking up their motion. But it is 
in dissonance with the luminous waves emitted by the sun, and hence 
those waves pass through large quantities of it with scarcely sensible 
absorption. 

This incompetence of aqueous vapours to absorb luminous rays is 
shared by all really transparent bodies ; in fact, they are transparent in 
virtue of their incapacity to absorb luminous rays. Now, transparent 
bodies in a state of powder are always white, and in white bodies 
luminous rays have no power. The light of the sun, for example, 
cannot warm white sugar, nor can it warm table salt, nor flour, nor a 
white dress ; it cannot even melt snow. The most powerful luminous 
beam may be concentrated upon a surface covered with hoar frost 
without melting a single spicula of the frost crystals. How, then, it 
may be asked, does sunshine clear away the snow from the mountain 
heads? Two or three days* sunshine on the mountains suffices to 
obliterate the traces of a heavy snow-fall : how can this occur if sun- 
shine has no power to melt the snow crystals? It is not the luminous 
rays of the sun which perform this work, but a body of rays which, 
though possessing high calorific power, have no light in them. By a 
process of transmutation these dark rays may be converted into 
luminous ones, but as they come from the sun, and fall upon tlie 
mountain summits, they are utterly incompetent to excite vision. Every 
stream which channels the glaciers or tumbles down the valleys of the 
Alps is the direct product of this invisible radiation. To it also the 
glaciers owe their birth as well as their dissolution. For while the 
luminous rays of the sun falling on the tropical ocean penetrate the 
water to great depths without considerable absorption, the dark rays 
are in great part absorbed close to the surface of the ocean ; they there- 
fore heat the water at the surface, and arr thus almost the sole excitants 
of evaporation. Not only, then, do those invisible solar rays, by the 
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fusion of the ice, give birth to the rivers of Switzerland, but it is they 
that lift the material of these rivers from the sea and store it on the 
frozen summits of the mountains. 

Gathering up the rays emitted by a powerful electric lamp, and con- 
centrating them upon a small focus, water, alcohol, or ether placed at the 
focus spe^ily boils, some of them^ indeed, almost instantly. But they are 
not boiled by the luminous rays, though these produce an impression too 
dazzling to be borne upon the eye. Interposing in the path of tlie 
concentrated beam a glass cell containing pure distilled water, the light 
of the beam is not sensibly diminished, but it is no longer competent to 
boil or even heat water at the focus. Placing a piece of ice at the 
luminous focus it is not melted, though, if blackened wood be placed 
there, it is set on fire. The moment, however, the cell of water is 
withdrawn the ice melts — melts because the dark rays previously 
absorbed by the water of the cell are now absorbed by it. Tliere are 
liquids of very low boiling points — bisulphide of carbon, for instance— 
which, when placed at the focus where the whole radiation, dark and 
bright, of the electric lamp is converged, cannot be caused to boil, can 
hardly be warmed. Water, for instance, requires a temperature of 
212® Fahr. to boil it, bisulphide of carbon requires only 118® 4' ; still 
the former is boiled in a time insufficient to warm the latter. This 
arises from tlie fact, that while water powerfully absorbs the dark 
calorific rays and allows the luminous ones free transmission, the 
bisulphide of carbon is transparent to both classes of rays, and hence is 
warmed by neither of them. Thus, also, when it was stated that sugar 
could not be warmed by the light of the sun, the invisible solar rays 
were meant to be excluded, for when the total radiation of the sun is 
converged upon white, sugar it is immediately burnt up, the agent of its 
combustion being, however, the dark radiation. 

It is possible to filter the composite radiation from the sun or from 
the electric light, sops to detach almost completely the visible from the 
invisible rays. It has been already stated that bisulphide of carbon is 
transparent to both classes of rays ; now iodine, a substance which dis- 
solves freely in the bisulphide, is eminently transparent to the invisible 
rays alone. Hence, a combination of these two substances furnishes 
us with a ray-Jilier^ which, while it pitilessly cuts off the bright rays, 
allows the dark ones free transmission. At the dark focus wc can boil 
water or alcohol, but we cannot warm bisulphide or bichloride of 
carbon. Bromine also, notwithstanding its volatility, bears exposure at 
the focus without being heated. Sulphur also bears the temperature of 
the focus for a considerable time without ignition. Common pho- 
sphorus, a combustible so quick that the warmth of the fingers when in 
contact with it suffices to provoke combustion, bears for twenty or thirty 
seconds without ignition the action of radiant heat at a foci|s where, in 
the fraction of a second, platinized platinum is raised to a white heat. 
The phospbortfe is in a great degree transparent to radiant tieat. The 
red iodide of mercury strewn on paper and exposed at the fbcus has its 
colour discharged where the invisible images of the carbon points fall 
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upon it, but owing to the transparency of the iodide to radiant heat, it 
requires some exposure to produce the thermograph. This red ‘sub- 
stance is far less absorbent of radiant heat than white paper, and hence 
it is sometimes easier to obtain a thermograph of the carbon points by 
exposing to the radiation from the lamp \\iQbach of the paper on which 
the iodide is strewn, than by exposing the face covered with the iodide. 
It is often, indeed, more easy to bum a thermograph through the paper 
than to discharge the colour of the iodide. Hence, white paper may 
be protected from radiant heat by being covered with a substance like 
the iodide of mercury. 

We are here naturally reminded of the experiments of Franklin, 
which consisted in placing cloths of various colours upon snow, and ob- 
serving the depth to which they sank in the snow when exposed to direct 
sunshine. Franklin concluded that the ligliter the colour of the body 
the less is its power of absorption. The generalizations founded on this 
experiment are for the most part fallacious. Results long ago obtained, 
establishing the vast influence of chemical constitution on radiant heat, 
led the speaker to contrast iodine, an element, with alum, a body of 
highly complex character. Both substances were in powder, the one 
being dark, the otlier white. Exposed to the radiation from various 
source ,'iXt white powder proved itself in all cases the most powerful 
absorber. The dark powder of amorphous phosphorus was also com- 
pared with the hydrated oxide of zinc, but the white powder was the 
best absorber. Bodies of the same colour compared together showed 
similar differences. The red oxide of lead for example was contrasted 
with the red iodide of mercury, and the oxide proved the most power- 
ful absorber. So also the white chloride of silver was compared with 
the white carbonate of lead, the lead salt proved by far the most 
powerful absorber. In this way it was proved that as regards the 
absorption of radiant heat, white in some cases exceeds black, black in 
some eases exceeds white, and the other colours are equally capricious ; 
all evidently depending on the chemical constitution of the substances. 
Here, as in other cases moreover, radiation and absorption go hand 
in hand, the substance which absorbs heat most powerfully radiating 
the same heat most copiously. 

In the case of Franklin’s white cloth exposed on snow to sunshine, 
there is no reason wliy it should sink at all ; there is, on the contrary, 
reason to conclude that it must rise relatively to the snow surrounding 
it. For, as regards the luminous rays of the sun, they are alike power- 
less to warm the cloth or to melt the snow. Whatever effect is pro- 
duced is therefore due to the dark solar rays. Now, snow absorbs these 
rays with greater greediness than any other substance ; hence the white 
cloth, which absorbs less than the snow, really defends the snow under- 
neath it from the action of the sun, and owing to this protection the 
cloth, if exposed for a sufficient time, will rise in relation to the surface 
round, just like n glacier table. 

But though tlie cloth is not so good an absorber as the snow, it is 
nevertheless a very powerful absorber ; it comes near the snow in this 
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respect. And when, as in the case of the black cloth, we have added 
to the absorption of a large portion of the dark rays by the cloth, the 
absorption of the whole of the luminous rays by the dye, the sum of 
the absorption of both classes of rays exceeds the absorption by the 
snow of the dark rays alone. The black cloth will therefore sink in 
the snow. This is the explanation of Franklin’s experiment. 

The speaker concluded by referring to various experiments on 
the transmission of radiant heat through rock salt ; to the influence of 
science as a means of intellectual culture ; and to the necessary defects 
of any system of education in which the study of nature is neglected or 
ignored. 

[J. T.] 



Friday, March 16, 1866. 


Sir Henry Holland, Bart. M.D. D.C.L. F.R.S. President, 
in the Chair. 

Balfour Stewart, Esq. F.R.S. 

On the Existence of a Material Medium 'pervading Space, 

The question, whether interstellar and interplanetary space is a 
plenum or a vacuum, has for a long time engaged the attention of the 
scientific world. 

As we can hold no communication with these distant regions, except 
through the light which reaches us, it is to this agent we must look to 
enable* us lo answer this question directly or indirectly, either from its 
own properties and nature, or from its faculty of revealing to us the 
position and motion of the heavenly bodies, or from both of these 
together. 

This twofold aspect of the problem gives rise to the following 
questions : — 

Question first. — Does the nature of light and radiant heat induce us 
to believe that space is a plenum or a vacuum ? 

(Jupstioii second. — Is there anything in the motions of the heavenly 
bodies that gives us any information on this point? 

These two questions comprise the observational evidence on the 
subject 

By observational, as distingui'*lied trom experimental, wo mean 
evidence derived from a region wdiere we may observe what is going 
on, but into which we cannot transport ourselves so as to make any 
experiments; besides this e\idence weraay moreover make experiments 
on tlie surface of the earth iu our laboratories, and derive from these 
experiments a certain amount of information bearing upon our question. 

We have thus altogether three sources of evidence. 

First. — Evidence derived from the nature of light and heat. 

Second. — Evidence derived from the motion of the heavenly bodies. 

Third. — Experiments made on the surface of the earth. 

Possibly also the force of gravitation w^hich is exercised by bodies 
at a distance, and the connection between solar spots and terrestrial 
magnetism, discovered by General Sabine, imply the existence of an 
interplanetary medium ; but it is better to confine ourselves to light and 
heat, which differ from other influences in this respect. We know that 
light and heat travel with a certain velocity, and we can suppose, as it 
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were, a slice of light to be cut off‘ half-way between the sun and the earth ; 
here then we have a certain amount of energy neither in the sun nor in 
the earth, but half-way between ; we cannot, however, at present, make 
any such assertion with regard to gravity or magnetic action. 

To begin with tlie evidence derived from the nature of light and 
heat. 

It is supposed by some (or rather perhaps it has been supposed, for 
the advocates of this theory are dying out) that light consists of 
exceedingly small particles vvliich are projected into space by a 
luminous body on all sides, ))articles having different properties, but all 
of which, nevertheless, pass through interplanetary space with the same 
enormous velocity of 1^,000 miles per second. On the other hand it 
is supposed that light consists in the transmission of some sort of motion 
of a medium pervtiding all space. 

The difference between these two hypotheses may be explained in a 
very few words. 

The theory of emission supposes the transit of an individual particle 
from the luminous body to the eye ; the theory of undulation or similar 
theory, on the other hand, merely supposes the progressive motion of a 
state of displacem#"nt between the luminous body and the eye. (lllus- 
trate<l by an experiment.) 

Thus, according to the former theory, eacli ray of light which 
passes between the aun and the earth is equivalent to the bodily trans- 
mission of a set of particles 90,000,000 of miles; while, according to tlie 
theory of undulation, the greatest amount of relative displacement of 
the ether whose vibrations form this ray, is probably much less than 
the millionth of an incli. 

Now, the difference between these two modes of^viewing light as 
concerns oiir subject is this : — 

The existence of an ethereal medium does not appear to be insejia- 
rably connected with the first theory or that of emission. The two 
ideas maybe held and have been held together, but tliey do not appear 
to be inseparably connected ; on the otlier hand, if light and beat con- 
sist of the transmission of some sort of motion of a medium pervading 
space, we have to start at once with the hypothesis of such a medium, 
Hooke and lliiyghens were the scientific authors of the undulatory 
theory of light, while Newton, on the other hand, was the great 
advocate of the tlieory of emission. 

The scientific repute of Newton seems to have retarded the pro- 
gress of the undulatory theory for nearly a century ; but of late years it 
has been revived and extended in this country by Young, whose name 
is inseparably connected with the Royal Institution, and in France by 
the illustrious Fresnel. It is only by an appeal to exi)ori|nent that we 
can decide between the claims of these two rival theories, find we have 
to ask oursekes which best accords with the phenomena of optics. 

First of all, if we .assume the hypothesis of emission, !t is not easy 
to conceive why the luminiferous particles discharged by so many dif- 
ferent kinds of bodies should all pass through space with precisely the 
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same velocity. In order to escape from this difficulty, it was suggested 
by Arago that particles may be originally projected with different 
velocities, but that there is only one of these which is j^dapted to our 
organs of vision. This, however, is a very lame explanation, and the 
necessity foi auch explanations is one of the charactenstics of a bad 
hypothesis. For if a theory be good, it is wonderful how many facts it 
will account for without any additional assumption, but a bad hypo- 
thesis requires to start an additional assumption for almost every new 
fact, until at length some one arises which cannot be won over by even 
this metliod, and so the hypothesis fails. 

In the next place, it is difficult to conceive why particles, even 
althougli exceedingly small, moving with such enormous velocity, 
should not inflict on us terrific blows on account of their momentum ; 
ami it has been calculated that if the weight of a molecule of light 
amounted to but one grain, its momentum would equal that of a cannon 
ball 150 pounds in weight moving with a velocity of 1000 feet per 
second. 

Even althougli a molecule of light sliould be many million times 
smaller than this, its momentum would still be sensible ; and as mil- 
lions of millions must enter the eye every instant from every visible 
poir‘t obv^^ery visible body, we should be jiounded to atoms. 

A good many years ago, ^Ir. Bennet made some experiments on 
this point. A slender straw was suspended horizontally by means of a 
spider’s thread, and to one end of this lever a small piece of white 
paiior was attaclied, and the whole was enclosed in an exhausted 
receiver of glass, while the sun’s rays, concentrated by a large lens, 
were allowed to fall on one side of this pa}»er ; but they did not twist 
round the le\er in the least. 

Tile advocates of the theory of emission may perhaps, however, 
suppose tliat they are entitled to make the light molecules, and hence 
their momentum, as small as they choose, and of course, if this he 
allowed, even the most delicate experiment will not be decisive. But 
a short explanation will show that they are not entitle^l to make the 
momentum of a ray of light as small as they choose, but that the 
theory of the conservation of energy which has been elaborated by 
(irove, Joule, Tliumson, and others, and is now uinversiilly accepted, 
determines this momentum. 

Of course one who denies the undulatory hypothesis may, at the 
same time, deny the conservation of energy — we liave nothing to say 
to such an one; but we think it can be proved that one cannot at the 
same time hold botli the theory of emission and the theory of the 
conservation of energy. 

In order to show this, let us suppose that sucli a man exists, 
believing the theory of the conservation of energy, but denying the 
undulatory hypothesis, and advocating in its stead the theory of 
emission. Now, in the first place, the amount of momoiftnn or the 
blow which a body is capable of giving must be distinguished from 
the energy which it possesses. Thus, if we fire a rifle-bullet so as strike 
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an iron target (swung by a string) and lodge in it, this target or pen- 
dulum will be swung to a side on account of the momentum or blow 
of the ball. But as far as momentum is concerned, when a rifle is 
discharged, action and reaction are equal, so that the momentum of the 
ball is no greater than that of the recoiling rifle; and lienee, if the 
rifle were swung, attached to another pendulum, tlie recoil of the rifle 
would produce the same effect as the ball in the first pendulum. 
(Illustrated by an experiment with a small cannon.) 

But the ball does something more than swing the pendulum, it ulti- 
mately heats it ; and, in fact, this amount of heating forms very much 
the energy of the ball. 

Now energy is known to be proportional to the momentum or 
blow multiplieil by the velocity, and hence it is owing to its high 
velocity that a rifle-ball possesses so much energy. Let us now return 
to Bonnet’s experiment, in which a powerful beam of light was made 
to strike a piece of paper fastened to the end of a straw, delicately 
suspended in the centre by a spider’s thread. By the theory of the 
conservation of energy, we know that the energy of the light and heat 
which strike the paper in one minute, will, just as in the case of the 
rifle-ball, be represented by the whole heating effect produced. 

Now w'e can roughly estimate this healing eflect, and we can 
therefore find tlie amount of energy produced l)y these rays in one 
minute, and knowing the amount of energy, we can tell at once the 
blow imiUipUcd by the I'docity to wdiich the energy is proportional. 
We therefore know the blow multiplied by the celoclty of the light, 
but we al-o know the velocity ; hence, divuling the first by the second, 
we know the blow which the light ought to produce in this arrange- 
ment, if we supjKise the theory of emission to be tr«e. By a rough 
calculation it may be shown that the blow ought to be sensible, but 
Bennet found it to be insensible, hence we argue that the theory of 
emission is not true. 

The experiment performed by MM. Foucault and Fizeau was tlum 
described. This experiment proves that light travels slower in water 
than in air, and this result is also in favour of the undulatory theory, 
but against that of emission. 

Finally it was stated, that a great number of beautiful and 
interesting optical expeiiments can be explained with the greatest ease 
by the theory of undulations. (Through the kindness of Professor 
Tyndall a selection of these was exhibited.) 

All these varioas proofs are in favour of the undulatory theory of 
light, and we have therefore great reason to believe in itfi trutli, and, 
believing in it, we are compelled also to believe in the existence of a 
material medium in which these undulations may take p1a($e. 

We now come to discuss the second branch of our si4)ject, or the 
evidence derived from the motions of the heavenly bodiesi and as yet 
there is only one of the'^e that has afforded us evidence of me existence 
of an ethereal medium. 

In November, 1818, M. Pons, in Marseilles, discovered a comet. 
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which M. Encke, in Berlin, afler calculating its elements, found to be 
identical with the comets seen in 1786, 1795, and 1805. In comparing 
the different observations, he immediately noticed a steady decrease in 
the duration of the comet’s revolution. M. Encke conceived that some 
permanently retarding force must influence the motion of the comet ; 
but the nature of that force would only be cleared up by continuous 
and very carefully conducted observations at each return. Conse- 
quently, in 1819, he called the attention of astronomers to this comet ; 
but the whole of the subsequent observations, and the calculations 
founded upon them, were not discussed until forty years had elapsed. 
M. Encke, in his first discussion, obtained the following results : — 

(a.) It is impossible by the laws of planetary motion to explain the 
motion of this comet. 

(5.) The whole period of revolution has been shortened since the 
first observation in 1786 by two days and eight hours, which, in pro- 
portion to its small period of revolution (about 1210 days), is far too 
large an amount to ascribe it to imperfections of the observations or of 
the instruments. 

(c.) The amount of decrease is at each revolution constantly the 
same, ijnd so regularly observed at each return of the comet to 
its perihelion that not the least doubt now exists as to the fact 
itself. 

{(I,) The mathematical consideiation of the nature of tl»e retarding 
force shows it to be entirely a tangential force, that is, such a force 
as is always exerted by a medium filling space where a body is in 
motion ; it follows, that we are led to assume the existence of a medium 
filling all space, and producing effects analogous to those observed on 
our earth. This is, says M. Encke, not an artificial assuuijition, 
but the force is immediately sug;'ested from the nature of its effects. 

An experiment made by the speaker in conjunction witii Professor 
Tait was then described. This experiment was carried out by meaus 
of an ingenious mechanical contrivance invented and made by Mr. 
Beck ley, of the Kew Observatory. The object of the experiment \%as 
to produce very rapid rotation in vacuo. This was accomplished by 
carrying a slowly revolving iron shaft up a barometer tube; at the 
top of this tube there was a iaige receiver, which might be considered 
analogous to the vacuum of a barometer, with the exception that it 
was exhausted by an air-pump, and not by the Torricellian process. 
In this receiver, by means of multiplying gear connected with the 
shaft, an aluminium disk, 13 inches in diameter and %\jth of an 
inch in thickness, was made to revolve with great velocity. When it 
was kept for 30 seconds at the full speed of 83 revolutions in a second, 
this disk was found to become heated nearly P Fahr., and this heating 
was independent both of the density and chemical constitution of tiic 
residual air of the vacuum. 

The disk was insulated from its bearings by a piece of ebonite, so 
that very little heat could be conveyed from the bearings to the di^k ; 
besides, an experiment made by artificially heating the spindle showed 
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that the effect observed could not be due to heating of the disk by the 
bearings. This heating effect, it was believed, was not due to rotation 
under the earth’s magnetic force, nor to vibration of the disk ; but the 
experiment was not quite finished : in the meantime, the evidence that 
it could not be explained by any known cause was very considerable, 
so that perhaps an explanation may be sought for in a resisting 
medium which we cannot get rid of. 

[B. S.] 



Friday, June 1, 1866. 


Sir Henry Holland, Bart. M.D. D.C.L. F.R.S. President, 

in the Chair. 

Henry E. Roscoe, B.A. F.R.S. 

On the Opalescence of the Atmosphere. 

On a previous occasion (May 22, 1864) the speaker explained the 
principles of a method by the application of which we are able to 
gain some knowledge of the distribution of the chemically active rays 
on the earth’s surface, and their variation from time to time. This 
method depends upon the comparison of lints gained by sensitive photo- 
graphic .paper when exposed to daylight; and it is evident that we must 
define chemical rays” to be all tliose which are able to produce a 
darkening effect upon chloride of silver paper. In order that such a 
mode of measurement should be possible, it is necessary, in the first 
place, that paper can be prepared of a uniform degree of sensitiveness; 
and secondly, that the relation between the several tints and the inten- 
sity of the light necessary to produce such tints should be known. 
These relations have been accurately ascertained, and the method is 
now so far perfected that the observations can be very easily and accu- 
rately made.* 

The whole apparatus needed for these experiments is contained in 
a small box, and all the observations for a day can be made in the 
course of a few minutes. 

Through the kindness of Mr, Balfour Stewart, determinations of 
the Chemical Intensity of Total Daylight liave been carried on at Kew 
Observatory for the past year by Mr. T. W. Baker. The mean daily 
intensity can be readily obtained from the separate observations, and 
these, when plotted out as a curve, show the daily mean intensities 
for the year. 

Daily Mean Chemical Intensities measured at KeWt Ai^il^ 1805, to Aprils 1806. 
For April, 1805 . . . 81*2 For Octobtr, 1805 • . 29*2 

„ May „ . . .97-0 „ Novi*ml>cp „ . .12*8 

n Judo „ . . .70-9 „ Dicembcr „ • .0*9 

„ July „ . , . 100 6 „ January, 1806 . • 13-4 

„ August 82 5 „ Fcbiuary „ • . 2t‘2 

September,, . . .110*2 „ March „ . .32*2 

In Spring, 45 9 In Summer, 91*5 In Autumn, 73*9 In Winter, 11*0 
(Light of the Intensity 1 acting for 24 hours taken as 1000.) 

* Seo * Phil. Trans.,’ 1805, p. 605 : “ The Bakcrian Lecture.” 
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It is seen that the condition of the sky and weather materially 
influences the chemical intensity of the month — thus June, 1865, was 
cloudy (2 days rain ; 21 days cloudy ; average amount of cloud, 5*5), 
and the mean intensity is 76 9 ; whereas September was a very bright 
month (0 days rain; 20 (lays cloudy ; average amount of cloud, 2*5), 
and the chemical intensity reached 110*2. 

If we compare the mean intensities for the summer and winter 
solstices and the equinoxes as measured at Owen’s College, Manchester, 
we have, — 

June 21 113 

Miirch and September 21 . . .33 

December 21 4*7 


The above numbers show that the increase of chemical action from 
December to March is not nt»arly so great as thar from March to June. 
This difference cannot be attiibuted to the common absorption exerted 
by the atmosphere, but may be explained as being the necessary con- 
sequence of a peculiar absorptive action wliich the atmosphere effects 
upon the chemically active rays, and to which the name of opalescence 
may be given. 

It has frequently been stated* that the chemical intensity of light on 
snowy peaks and in tropical climates is much less than that in our own 
latitudes, and that photographers in Mexico have found it impossible 
amidst the glaring rays of a tropical sun to obtain a picture which in 
the gloomy atmosphere of England would need an exposure of only 
one minute. In order to ascertain the degree of truth attaching to 
these extraordinary statements, and to obtain some insight into the 
chemical intensity of tropical climates, the speaker was fortunate to be 
able to send his assistant, Mr. T. E. Thorpe, to Pai^ on the Amazons 
(long. 48^ 30' W., and lat. 1° 28' S.). 'J’he inea^surcments there made 
have already furnished some very interesting results ; in the first place, 
we find that the daily mean chemical intensities at Para and at Kew 
on the same days are represurted by the following numbers : — 


April 4, 1866 


„ 7 
13 


Kpw Parti 

19*7 260-0 orasltolS-l 

9-3 320 0 oru8lto31'4 

45 7 .326-0 or as 1 to 7*1 


The curves for these days show the enormous variation of chemical 
intensity which occurs under a tropical sun during the rainy season. 
Every afterno(m regularly, and sometimes at other periods of the day, 
the enormous thunder-clouds discharge their contents in the form of 
deluging rain, and the chemical action sinks to zero; then the storm 
passes over, and the chemical intensity again rises (seq woodcut on 
oppasite page). It is thus seen that any difficulties whkih a photo- 
graplier may have in tiie tropics cannot be ascribed to ab insufficient 
supply of the sun’s chemically active rays. 


* See Golding Bird, ‘ Natural Philojjophy/ .*)th edition, p. 622. 



LIBRARY OF SCIENCE 


15 

The speaker desired, however, chiefly to direct attention this 
evening to some experiments which appear to throw light upon that 
much vexed question of the cause of the blue colour of the heavens and 
the ruddy tints of sunrise and sunset. Since the time of Leonardo da 
Vinci this subject has been a favourite ground for the display of 
meteorological speculations. Leonardo, and afterwards Goethe, believed 
that the blueness of an unclouded sky was due to tlie passage of tlie 
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white light through the atmosphere containing finely-divided par- 
ticles. Newton explained the blue colour of the heavens by the exist- 
ence in the atmosphere of hollow very minute vesicles of water, upon 
which, as on a soap-bubble, the colours of thin plates become percep- 
tible ; and according as the thickness of the walls of these vehicles 
increased, so would tlie colour change from blue to yellow, orange, and 
red ; and thus, by very frequent reflections, the various tints from sky- 
blue to sunset-r^ could be explained. Founded upon this theory 
Clausius has calculated the relative intensities of direct sunlight and the 
diffuse refle*cted light of the sky for varjdiig altitudes of the sun. 

Some physicists have assumed that the air itself has a blue colour, 
whilst others have admittKl that if air be of a blue colour by rffiected 
light, it must appear red by trummitted light. 

Others again, in order to avoid the difficulty of explaining the 
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great variety of sunset tints, have assumed these tints to be an ocular 
deception, or caused by the presence of clouds which receive and repeat 
the colour ! 

Many physicists have suggested that the atmosphere, being filled with 
small particles of floating solid matter, acts like an opale.scent medium and 
transmits only red light ; but it is to Briicke* that we are indebted for 
a complete statement and masterly investigation of this view of the sub- 
ject. Forbes, again, t explains the phenomena in an entirely different 
manner; for he, observing tliat under certain circumstances aqueous 
vapour, or rather water in finely divided particles, is able to absorb the 
blue rays, and that the sun looked red when seen through a particular 
portion of a jet of escaping steam, attributes the sunset-red solely to 
the presence of water in this peculidr state of division. 

In order to appreciate the value of these various oj)inions, it appears of 
special interest to obtain a knowledge of some quantitative facts re- 
specting the intensity of the light tiansmitted directly fiom tlie sun, and 
that reflected by the air or particles in the atmosphere Tiie possibility 
of making such measurements with respect to those parts of the sun’s 
light which may be expected to show great differences in reflection and 
transmission, viz, the most refrangible portions, is rendered at once 
evident by the employment of the simple method of measuring the 
chemical intensity of light which has been aI)ove alluded to. The 
method employed consists simply in determining the chemical intensity 
of the total daylight (sunlight and diffused light), and immediately after- 
wards shading off* the sun’s direct rays by means of a small disc or sphere 
of metal, whose apparent diameter is only slightly greater than that of 
the solar disc seen from the position of the sensitive paper. In this way 
the chemical intensity of the total (direct and diffused )Jight i.s compared 
with that given off by the whole of the heavens alone, and the differ- 
ence gives the chemical intensity of the direct sunlight. 

Experiment s6on proved that the relative intensity of the chemical 
fight coming directly from the sun is very much less than we should ordi- 
narily suppose, judging from the intensity of the visible light. Thus, at 
Owen’s College, Manchester, it was found when the sun was 12'* 3' above 
the horizon, that of 100 chemically active rays falling on the horizontal 
surface, less than 5 were due to the direct sunlight, w hilst 9.5 came 
from the diffused light of the heavens, even when the sky was un- 
clouded. At the same instant, of 100 rays of visible light as affecting 
the eye, tJO came directly from the sun, and only ‘10 from the diffuse 
sky-light. This singular result was also observed at Chettliam Hill, by 
Mr. Baxendell, and at Heidelberg, by J)r. AN'olkolF; indeed, at this 
latter station, it was found on several occasions that whilst the sun 
was shining brightly, it was totally devoid of chemioal rays, the 


* «Pogpr. Ann / vol. Ixxxviii. p. 

t “On the ( uloiir of Stenin uniLr certain Circumstances, and on tlic Colours 
of tlie Atmosphere:” ‘ Ikliii. Transactions,* xiv. p. 371; ‘ I’liil, ijfag,* xiv. xv. 
3rd Series. 
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interposition of the small disc producing no diminution in the 
chemical action. 

Thus, at altitudes from (y' 34' to 12” 58' on the following occa- 
sions, the sunlight was robbed entirely of its chemically active rays 
by pas^age through the atmosphere. 


AUitudo. 

1 >ircct Sun. 

Diffuse Light. 


0 000 

0-020 

1 

32 

0-000 

0-021 

2 

2!) 

0-000 

0-038 

3 

27 

0-000 

0 028 

(i 

0 

0 000 

0-030 

10 

40 

0-000 

0-073 

11 

51 

0-000 

0 070 

12 

58 

0-000 

0-080 


The same inactive condition of the sun at low altitudes has frequently 
been observed at Kew, Cheetham Hill, and Owens College. 

The following nuinbcTS give the results of an extended series of 
obHM'vations made at Heidelberg, by Dr. Wolkoff, at Kew by Mr. 
Baker.^ at Che('tham Hill by Mr. Baxendell, at Owens College by 
mys(^lf, and at Parti (Bra/ils) by Mr. T. E. Thorpe 

The last column gives the ratio of chemical intensity of sun to 
sky, the fraction of the action of the ditfuse light which the direct sun 
exerts. TJuis, the ratio 0-l()6 at Owens College means that if I repre- 
sents the intensity of the chemical light from the diffused light of 
the whole sky, 0 106 was the intensity of the ray emanated directly 
from the sun. 


of Obsn cathuB at Ilvkhlhertj. 



\ uni In r of 
ObMM vatii'iH. 

11 inp,e of 
Allitiule of 
bun 

Me.in 

AltifiuU* of 
Sun. 

Intrnsity 
of bk> «)r 

difluswl 
lUj light. 

Inti n■^lly 
of tliiect 
Sunlight 

Itxtio nt 
bun to Sky. 

Crmiii 1 

10 

O'’ to 15^ 

7^ 15' 

-018 

•002 

0 041 

2 

10 

15 — 30 

21 13 

•131 

•0G6 

0172 

„ 3 

31 

30 — 45 

31 31 

•170 

•13G 


4 

22 

45 — GO 

53 37 

•174 

•2G3 

■BflH 

5 

17 

above (50 

G2 30 

•109 

•319 



Results of Ohscri'utions at Cheetham HiU. 



Nnnibor of ( 

Sky. 

)l>hcr\.itions 

Sun 

Mean 
Alittudo 
ot Sun. 

Intenhily ot 
Sky or 
diffused 
Daylight. 

Intensity 
ot diiect 
Sunlight. 

Ratio of 

Sun to bky. 

Group 1 

23 

21 

10 30' , 

•OGl 

•012 

0-187 

2 

22 

22 

25 31 

•091 

•019 

0*208 

„ 3 

18 

17 

34 8 

•101 

•02G 

0-250 
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ItcmJts of Ohsermtiona ai Ckpcns College, 



Number of ( 

Sky. 

Observations, j 

Sun. 1 

Mean 
Altltudo. 
of Sun. 

Intensity of 
Skv or 
diffused 
Daylight. 

Intensity of 
direct 
Sunlight 

Ratio of 

Sun to Sky. 

Group 1 

33 

31 1 

17^ 8' 

•OGG 

•007 

mSM 

o 2 

20 1 

24 ! 

2« 38 

•071 

•008 


„ 3 

4 ! 

5 1 

54 12 

•140 

•043 



BesuUa of Observations at Kew. 



Number of Observations. 

Mem 
Altitude 
ol Sun. 

Intensity of 
Sky or 
diftusrd 
Daylight. 

Tnb iiblty 
of direct 
Sunlight. 

Ratio of 

Sun to Sky. 

Sky. 

Sun 

Group 1 

18 

18 

12^ 55' 1 


0014 

0 213 


8 

8 

21 8 


0 030 

0410 

») d 

7 

7 

28 10 


0-050 

0-538 

4 

6 

6 

1 

41 23 


0107 

0-702 


Eesults of Ohser^'otions at Para (Brazih), 


. 

Number of Obaervations. 

Sky. j Sun. 

Mean 
Altltudo 
of Sun 

Insensity 
of .Sky or 
diffused 
Daylight 

Intensity 
of Diiect 
Sunlight. 

Ratio of 

Sun to Sky. 

Group 1 

20 

20 

42^ 21' 

•451 

•168 

•372 

„ 2 

25 

25 

02 40 

•552 : 

•277 

•501 

,, 3 

25 

25 

77 20 

1 

•GOO 

•2()7 

•401 


If we compare the numbers thus obtained by experiment with those 
calculated by Clausius on the theory of hollow vesicles impeding the 
passage of the rays, we »*^hall notice a most remarkable difference 
between the experimental and calculated numbers. 

Eat 10 of Chemicfit IntmsUies of direct Sunli>fht to diffused Light, 

J^xpi^nmcntB. 


Sun’s 

Altitude. 

Cftlculate<l 

(Clausius) 

lleidtlhtrg 

Cheetham 

Hill. 

Our ns 
College. 

Kew. 

20"^ 

0 491 

0-350 

0-10 

0-10 

0*36 

25 

0-800 

0-180 

0-20 

0 11 

0*47 

30 

l-3'20 

0-6.10 

0 23 


0 57 

35 

1-690 

0-820 

0-20 


0-65 

40 

2-032 

1-00 

— 


0-75 

50 

2 634 

1-37 

— 



GO 

3129 

1-60 

— 



Thus, 

whilst the theory requires 

that at an 

elevation 

of 2(r the 


relation of diffuse light to sunlight w'as as 100 to 49? 1, the expe- 
riments at Heidelberg showed a relation of 100 to 05, those of 
Kew of 100 to 30, at Cheetham Hill of 100 to 19, atid at Owens 
College of 100 to 10, whilst the differences at higher altitudes 
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becomes still greater. The Heidelberg observations were made 
on the summit of the Konigstuhl, at an elevation of nearly 
1?000 feet above the sea level, and therefore at a position beneath 
which a very considerable portion of the densest air was situated ; 
when the sun attained an altitude of 40°, the direct sun’s rays exert 
the same amount of chemical action as the ditfused light of a cloudless 
sky. At Kew Observatory, this point of equality is not nearly reached 
when the altitude of the sun is 42°. At Para, under the equator, this 
difference between the chemical intensity of direct and diffuse sunlight 
becomes even more striking, for with an altittute of 77° the ratio of 
direct to diffuse is less than 0*5 ; that is, if 100 rays come from the 
diffused daylight only 50 come from the direct sunlight. This is cer- 
tainly a very remarkable result. We thus see that the high tropical 
light curves are mainly caused, not by the increase of the chemically 
active rays in the direct sunlight, but by the enormous increase in the 
chcniictil activity of the diffuse light. It must, however, be borne in 
mind, that in tlie Pari observations the sky was not cloudless, and 
much light is reflected from tlie heavy cumuli ; it is, nevertheless, re- 
markable, that under a tropical sun at an altiliide of 80°, the diffuse day- 
light,slr.^ hi exert a chemical action twice as great as the direct sunlight. 

That the relation between the chemically active constituents of sun- 
light, direct and diffused, is quite different from the relation of the visible 
rays, can be easily ascertained. In some of the cxpeiiments made at 
Cheetham ITill, the shadow of a small disc was thrown on a horizontal 
surface of white paper, and careful estimations made of the relative 
brightness of tlie shaded and unshaded portions of the surface. A com- 
parison of these results with tho'^e obtained at the same time for the 
chemical rays sliowcd that when the sun’s mean altitude was 25° IG', the 
mean ratio of the chemical intemities of direct (ind diffuse light was 
0*23 (or for 100 of diffu'^c light there was 23 of direct sunlight), 
whilst the ratio of the visible intensities was 4*0 (or for 100 of diffuse 
light there was 400 of direct sunlight). This sliows that the action 
of the atmosphere was 1*74 times greater on the chemical than on the 
visible rays. Again, at Owens College, ^^ith a mean altitude of 
12° 3', the ratio of chemical intensity was 0 053, that of the vi>ible 
intensity being 1'4; or tlie action of the atmosphere was 26*1 times 
as great upon the chemical as upon the visible rays. 

IIow can we seek to explain this unexpected result — that the sun 
shining brightly, and casting a dark shadow, should at a height of 20° 
be capable of producing a chemical action of only y^th of that produced 
by the diffuse liglit from the whole of a cloudless sky ? 

The explanation may be rendered plain by an experiment. Let us 
take a very slightly milky liquid — such as water containing ^ijth grain of 
su'^pended sulphur in the gallon. So slight is the opalescence that 
we can scarcely detect it. Nevertheless, this minute trace of most 
finely-divided sulphur is sufficient to cut off the cliemically active rays ; 
the bright flash of carbonic disulphide in nitric oxide cannot explode 
the bulb wdien the opalescent solution is placed betw*een it and the 
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bulb ; but tlio bulb ex])]odes instantly when the light is allowed to 
pass through pure water. 

We liave here an exact imitation of the condition of the atmosphere 
as reganls the chemically active rays. We see that light of a high 
degree of refrangibility cannot pass through the water containing the 
finely-divided sulphur ; it is reflected back again by the particles of 
sulphur. So, too, the atmosphere is filled with particles w'hich reflect 
the blue ray» and transmit the red. What the exact nature of th€’se 
particles may be, it is hard to say. We know, liowever, that the air 
is always filled with minute solid bodies. We see that in the sponiles 
which are constantly present and cause fermentation and j)utrefactive 
decoin])osition. We see it also in the fact that particles of soda can 
alwaj’^s be dctectecl in the atmosphere by spectrum-analysis. AVe 
notice these particles as motes dancing in the sunbeam, or in those 
grander paths of light which .sometimes shoot up into the sky from a 
setting sun. The phenomenon may, perhap**, be caused by that finely- 
divided extra-terrestrial meteoric dust, which is, according to many 
physicists, constantly falling through the atmosphere to the earth’s 
surface. Tliese solid particles in the air may produce the above 
effects, and certainly do produce them ; but we must remember that 
small particles of water are also able to transmit only red rays, and 
that, as Forbes has shown, the glorious ruddy tints of the setting sun 
are doubtless partly caused by aqueous vapour. 

If the white beam of the electric lamp be passed through a tube 
3 feet long, fitted with glass plates at each end, and filled with a scarcely 
visibly ofialescent liquid, all the blue, green, and yellow rays will be 
completely cut off, and the immerging beam of light is deep red. Here 
indeed w'e have an artificial sunset. The finely divi<*ed sulphur reflects 
blue light and transmits red. If the visible light is diminished to one- 
third by means of 0])alescent sulphur, the chemically active rays are 
altogether cut on. The variation in the amount of this finely-divided 
matter, whether .solid or liquid, in the air, will naturally produce varia- 
tion in the tints of sunrise and sunset, and the pro.seiice at sunset of 
more aqueous v'apour on the point of being condensed than at sun- 
rise will explain the greater depth of colour in the .setting than in 
the rising sun ; the tints of dawn being, according to Mr. Brayley, 
those of evening in the reverse order. 


In opal glass we have perhajis a still better illustration of the 
action of the atmosphere upon the chemically active rays. The opal- 
escence of the glass is caused by the presence of very minute particles 
of bone-ash (calcium phosphate), or of arsenic trioxide, which are dis- 
seminated throughout the mass. By reflected light thi« glass appears 
while or blucish-white, by transmitted light it appears ofange. If we 
place a bright source of white light behind the glaSvS, wfe see that the 
direct rays are red, whilst the general diffused light refleited from the 
pai tides of the finely-divided matter inJL^^=ghtaft^sblueish-white. 

That the size of the particles passes 
modifies the character of the transfiu^^l^ ray of doubt. 
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This is most clearly exemplified in tlie beautiful phenomena of blue and 
ruby gold investigated by J\Ir. Faraday. Gold in thin plates reflects 
yellow, and transmits green light ; but when suspended in a very fine 
state of division in water, it transmits blue, purple, or ruby light, 
according to the state of division in which it is precipitated. 

The blue, purple, and ruby solutions all contain metallic gold in 
suspension, as Mr. Faraday has most conclusively shown, and yet they 
transmit totally different rays. 

Hence we may fairly suppose that the varying size of the reflecfing 
particles may aid in producing the widely differing sunset tints, from 
deep ruby-red to yellow and even blue; for we are not without several 
well-authenticated cases in which the sun has been seen to be blue. 
Thus, in the year 1831, a blue sun was noticed over a great part of 
Europe, as also in America. 

\Ve have seen that the light transmitted by finely-divided sulphur 
is red —it is, however, singular that blue sulphur "an be formed. If 
we add ferric chloride to solution of sulpliuretted hydrogen, we get a 
transient but very splendid purple tint ; and we may ask ourselves 
whether this can be due to the size of the ])article. If we heat sulphu- 
retted hyd^roiren water up to 200** C. tlie gas decompose^, sulphur being 
deposited, and the solution attains a deep blue colour. C^an this ])os- 
sibly be due to the minute division, almost approaching solution, which 
the sulphur attains ? Wc find that on cooling the colour disappears, 
sulphur is deposited, and the licpiid becomes milky. If we di>solve 
sulphur in sulphuric trioxide (anhydrous sulphuric acid), no chemical 
action that we know of occurs, and we get a magnificent deep-blue 
colour. Can tliis again be due to the minute ilivisiou of the sulphur, thus 
permitting the blue rays alone to pass? 

Finally, it is interesting to learn that both the analogues of sulphur, 
selenium and tellnrium, yield magnificently coloured liquids when acted 
iqioii by sulphuric trioxide. Selenium in this state }ields a deep olive- 
green solution, and tellurium a magnificent ruby-red colour. 

Can these colours likewi.se be cau>ed by the reflectiou or absoip- 
tion of one kind of light and the preferential transmission of another 
kind by finely-divided particles? 

The ruby-red gold liquid and ruby-red gold glass are both as trans- 
parent, and tlie one is apparently as truly a liquid as the red solution 
of tellurium. Yet we know that finely Mispended metallic gold is the 
cause of this red tint. Are w e acting contrary to analogy in supposing 
that the colour of this red liquid is caused by the particles of finely- 
divided tellurium, or that of these blue and green licpiids b) the particles 
of sulphur and selenium ? 

The speaker felt that he was here entering upon debateable grouml, 
that, namely, of the cause of the colour of natural bixlies ; it was with 
much diffidence that he brought forward these examples of coloured 
solutions, and he did so only because fliey forced themselves on to 
his notice in the consideration of the plainer and now somewhat better 
understooil pheiiomeiiuii of the Opalescence of the Atmosphere. 

[II. E. E.] 



Friday, June 15, 1866. 


Sir Henry Holland, Bart. M.D. D.C.L. F.R.S. President, 
in the Chair. 

John Tyndall, Esq. LL.D. F.R.S. 

PROFtJSSOtt or NATUllAI PHILOSOPin, R.I. 


Experiments o?i the Vibrations of Strings. 

1. I lay hold of one end of this India-rubber rope, the other end 
of which is fixed to the ceiling, and by a jerk raise a protuberance 
upon it. The protuberance runs along tlie rope to its fixed end, is 
there reflected, and reversing itself, returns to my hand. In this 
case, where the points of the rope rise in succession to form the pro- 
tuberance, we have an example of a progressive wave or undulation. 

2. After the first wave I now send a second, so that it shall meet 
the reflected wave on its return. The foremost ends of both waves 
now meet in the centre of the rope ; they there neutralize each other, 
and the two halves continue to swing with an apparently motionless 
point called a node between them. 

3. I now stop the rope, send a wave forward, and then another 
wave so quickly after it that this second wave shall meet the first at 
one-third of the lengtli of the rope from its fixed end. At that point 
a node is produced. But I have already sent a third \ra\e dfter the 
second. The second wave being reflected at the node, meets this third 
one and a second node is formed. The whole rope is now divided into 
three vibrating parts, separated from each other by two nodes. 

4. By properly timing the impulses imparted to the rope I can 
divide it into four, five, six, ten, and even twenty vibrating parts, 
separated from each other by the appropriate number of nodes, 
With a certain rapidity of vibration on the part of my hand I cause 
the rope to swing to and fro as a whole. Twice that rai)idity divides 
it into two equal vibrating parts; three times that rapidity into three 
vibrating parts, and so on. The number of vibrating parts, or ventral 
segments j as they aie called, is in fact directly proportional to the 
rapidity of my hand s vibration. 

5. In these cases, where every point of every ventral segment 
moves to and fro at the same time, we have examples of stationary 
undulations. 

6. My hand, whicli produces this vibration, does not move throtlgh 
more than half- an -inch of space, while the ventral segments 
oscillate through a space of four-and-twenty. This wide vibratioti is 
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ill fact produced and maintained by the addition together of small 
impulses properly timed. ''I'he nodes, moreover, though apparently 
motionless, are not strictly so ; for if they were, tlie vibration of the 
segments would soon come to an end. Jn fact, it is by the motion trans- 
mitted througli the nodes that the vibrations of the rope are sustained. 

7. I might attach the free end of this rope to any suitable vibrating 
body instead of taking it in my hand. Tf the rate of vibration of the 
body were that of any aliquot part of the rope, it would divide 
itself accordingly. 

8. The effect may also be jiroduced by causing the vibrations of an 
aliquot part of our rope to excite vibrations in the remaining portion. 
Stretched vertically from top to bottom of this wooden frame is an 
India-rubber tube. I encircle the middle of the tube with the finger 
and thumb of my left hand, and pull the lower half aside with my 
right. The lower half vibrates, but the upper half vibrates also. In 
fjict, the small amount of play permitted by my hand has enabled 
the pulse to transmit itself, to be reflected, and to accumulate its 
motion to this extent. 1 withdraw my left hand : the tube continues 
to vibrate in two equal parts, divided from each other by a node. 

9. I encircle, the tube at one-third of its length from the lower 
end, and pull aside the shorter segment ; it vibrates more quickly than 
the half tube, and tlie vibration immediately causes the upper and 
longer portion to divide into two equal parts. I now withdraw my 
hand, and the tube continues to vibrate in three equal segments, which 
are separated from each other by two nodes. 

10. In like manner I encircle the tube at one-quarter of its length 
from its lower end, and pull the lower and shorter segment aside ; it 
vibrates, and forthwith the longer segment above divides into three 
vibrating parts. I now withdraw my hand, and the tube continues to 
oscillate in four equal segments, separated from each otlier by three 
nodes. 

11. Again, from side to side of the room is stretched this stout iron 
wire twenty-four feel long. I seize the wire at a point which divides 
it into two parts, one three times as long as the other, and pulling 
the shorter segment aside permit it to vibrate ; the remaining portion 
of the wire divides itself into three ventral segments. 1 have placed 
silvered beads at the nodes and at the centres of the vibrating segments ; 
you see the light shining from those^ beads, and you notice that w'hile 
the nodal beads remain stationary, the others describe luminous lines. 

12. If I place sheets of paper across the wire at the nodes and at 
the ventral segments, on causing it to vibrate thus, the sheets placed 
across the ventral segments are tossed off, while those at the nodes 
remain undisturbed. 

13. From these effects which you can a^ctually see, I might 
pass on to vibrating strings, and show you that they divide themselves 
similarly. I might also show you that it is hardly possible for a 
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musical string to vibrate as a whole without having these smaller 
vibrations riding like parasites upon the large one. I'he addition 
of these smaller vibrations gives quality or timbre^ or, as the Germans 
call it, Klangfarbe to the note. They constitute the harmonics of the 
string. 

14. In this vice is fixed upright a rod of iron four feet long. I 
pull it aside and it vibrates as a whole ; its vibrations are rendered 
more distinct by casting its shadow upon a white screen. 1 now 
strike the rod sharply at a point about one-third of its length from its 
fixed end. The pulse runs along the rod ; returns from its free 
end, and is met by the succeeding pulses ; and now the rod is divided 
into two vibrating parts, — a whole segment and a half segment separated 
from each other by this dark motionless node. By promjitly striking 
the rod lower down, I cause it to divide into two complete vibrating 
segments, forming those shadowy spindles upon the screen, and half 
a segment at the top which spreads out like a fan. The nodes are 
marked by the two dark points where the shadow is complete. 

15. This production of stationary undulations on a large scale 
through the combination of direct and reflected waves, for the illustra- 
tion of which we are mainly indebted to the brothers Weber, forms a fit 
introduction to the experiments of M. Melde, of Marburg, who has 
obtained a series of very beautiful effects by associating with vibrating 
bodies suUably stretched strings. 

1 6. In M. Melde’s first experiment he stretched a string across a bell, 
or bell-jar, from edge to edge ; when the bell was caused to vibrate, 
the string vibrated also. By varying the tension of the string it was 
caused to vibrate as a whole, or to divide itself into two, three, four, 
five or more vibrating parts, separated from each othe®. by the appro- 
priate number of nodes. 

17. He then attached his strings to tuning-forks, and obtained the 
same effect in a more marked and beautiful manner. To this tuning- 
fork -I have attached a silk string which passes round a distant peg, by 
turning which the string is stretched. The length of the string is 
eight feet. The tension at the present moment is such, that when the 
fork is caused to vibrate, the string swings as whole ; its periods of 
vibration being synchronous with the impulses imparted to it by the 
fork. We have here a beautiful gauzy spindle produced by the silk, 
fully six inches wide at its point of greatest amplitude. 

18. The motion of the end of the string in contact with the fork 
is hardly sensible, and still through this apparently motionless part of 
the string the whole of its motion is transmitted. 

19. I relax the string by turning the peg, and now it suddenly 
divides itself into two ventral segnmnts, separated from dach other 
by a node. When the synchronism between the fork an^ string is 
perfect, the vibrations of the string are steady and long-opntinucd ; 
but a slight departure from synchronism introduces unsteadiness, and 
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the vibrations, though they may show themselves for a time, quickly 
disappear. 

20. I relax the string still further ; it now divides itself into three 
vibrating parts; relaxing still further, it divides into four vibrating 
parts ; and thus I might continue to subdivide the string into ten or 
even twenty equal parts, separated from each other by a number of 
nodes one less than the number of ventral segments. 

21. In the arrangement now before you, the fork vibrates in the 
direction of the length of the string ; its tendency, therefore, is to throw 
the string into longitudinal vibration. But, in fact, every forward stroke 
of the fork raises a protuberance upon the string, which runs to its 
fixed end and is there reflected, so that when the longitudinal impulses 
are properly timed, they produce a transverse vibration. I take a heavy 
string in my hand, stretch it, and move my hand to and fro in the 
direction of the string. It vibrates as a whole, and I notice that it 
is always when the string is at the two limits of its excursion that 
my hand moves forward. If the string vibrate in a vertical plane, 
my hand, in order to time the impulses properly, must move forward 
at tlie moment the string reaches the upper and also at the moment it 
reaches the lowi^i* limit of its excursion. A little reflection will make 
it plain, that, in order to accomplish this, my hand must execute a 
complete vibration while the string executes a semi-vibration ;* in 
other words, the vibrations of my hand must be exvictly twice as rapid 
as those of the string. 

22. Precisely the same must be true of a tuning-fork to which a 
proper string is attached. When the fork vibrates in the direction 
of the string, the number of complete vibrations which it executes in 
a certain time will be twice the number executed by the string. 

23. If in this case the fork and string vibrate with sufficient 
rapidity to produce musical notes, the note of the fork will be an 
octave above that of the string. That it is so has been proved by 
M. Melde’s direct observations. 

24. Taking hold of the end of this heavy string, I cause my hand to 
move to and fro, not in the direction of the string, but at right angles to 
that direction. The string now swings as a whole in a vertical plane. 
Here every upward movement of my hand coincides with an upward 
movement of the string, every downward movement of my hand witli 
a downward movement of the string. In fact, the vibrations of 
hand and string in this case synchronise perfectly ; and if the hand 
could emit a musical note, the string would emit a note of the same 
pitch. The same holds good when a vibrating fork is substituted for 


* A complete vibration, it will be borne in mind, v^onsists of one complete 
excursion to ojidfro, A semi-vibration, on the contraiy, consists of an exenrsion 
from one limit of the vibration to the other. 


HS—VoI 2 B 
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the vibrating hand. While, therefore, when the vibrations are longi< 
tudinal, a complete vibration of the fork synchronises with a semi- 
vibration of the string ; when the vibrations are transversal, a com- 
plete vibration of the fork corresponds to a complete vibration of the 
string. 

25. Hence, if the stiing vibrate as a whole when the vibrations are 
longitudinal, it will divide itself into two ventral segments when the 
vibrations are transversal ; or, more generally expressed, preserving 
the tension constant, whatever be the number of ventral segments 
produced by the fork when its vibrations are longitudinal, twice that 
number are produced when the vibrations are transverse. Here, for 
example, is a string eight feet long, vibrating longitudinally; the 
fork divides the string into four equal vibrating parts. I place the 
fork so that it shall vibrate at right angles to the string. The number 
of ventral segments is now eight, or double the former number. This 
result was amply illustrated by the experiments of M. Melde. 

26. Attaching two strings of the same length to the two prongs 
of the same fork, stretching one string in the direction of the prongs, 
and the other at right angles to that direction, and subjecting the 
strings to the same tension, when the fork is caused to vibrate, the 
one string divides itself into double the number of vibrating segments 
exhibited by the other. 

27. When white silk strings vibrate thus, the beauty of the 
ventral segmente is extreme. The nodes appear white and fixed, 
while the vibrating parts form delicate gauzy spindles in the air ; every 
protuberance of the twisted string writes its motion in a more or less 
luminous line on the surface of the aerial gauze. 

28. Certain twisted strings do not adhere to the same plane. 
They vibrate simultaneously in two rectangular directions, and every 
one of thdr points describes a closed curve. When the two vibrations 
are of the same amplitude, and have the proper difference of phase, 
the ventral segments describe surfaces of revolution. 


M.. The path described by the various points of the string may be 
studied after the manner of Dr. Young, by throwing light upon them 
and watching the lines described by the illuminated points. By 
twisting a fiat and burnished silver wire we form a spiral surface, 
^ra which at regular intervals the light flashes, when the whole wire 
is illuminated. Attaching the wire to a tuning-fork and causing it to 
vibrate, its luminous spots describe luminous lines. If the ^ire 
vibrate as a whole without any sensible admixture of its harn^nic 
divisions, these spots describe straight lines which are drawn brilliantly 
across the ventral giyize ; but when by slackening or tightenin^the 
wire, other vibrations are caused to mingle with the fundamental bne, 
the combination of vibrations expresses itself in luminous scrolli of 
extraordinary beauty. ^ 
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80. But to see this beauty you must be close to it. The 
vibrating segments of our silk strings were, I fear, also too faint to be 
seen at a distance. For the silk string I substitute a fine platinum 
wire, which now stretches from tliis tuning-fOrk over a bridge of 
copper, and then round a peg. I send an electric current through 
the wire, which now glows brightly. I sound the fork : the wire 
vibrates as a whole : its two ends are brilliant, but its middle is 
chilled by its rapid passage through the air. Thus you have a shading 
off of incandescence from the ends to the centre of the wire. 1 relax 
the tension ; the wire now divides itself into two vibrating parts ; I 
relax still further and obtain three ; still further, and now you have 
the wire divided into four, ventral segments separated from each other 
by these three brilliant nodes. Right and left from every node, the 
incandescence shades away until it disappears. You notice also that 
when the wire settles into steady vibration the nodes shine out more 
brilliantly than the wire shone before the vibration commenced. This 
is due to the cooling of the vibrating segments. When they are 
chilled by their swift passage through the air, their conductivity is 
improved. More electricity passes through the vibrating than through 
the unvibrating wire, and hence the augmented glow of the nodes. 

31. Certain twisted chords, as I have said, when attached to 
tuning-forks execute circular instead of plane vibrations. Circular 
vibrations may always be obtained by attaching one end of a string to 
a rotating point, and timing the velocity of rotation to suit the periods 
of vibration possible to the string. 

32. Thus, suspended from the ceiling is this white cotton rope, the 
lower end of which is attached to a hook belonging to this whirling 
table. When this handle is turned the hook rotates, describing a circle 
less than an inch in diameter. By properly regulating the velocity of 
rotation I cause the rope to divide into a series of spindles, which 
appear like gray gauze when projected against a dark background. 
I can cause the number of these spindles to vary from one to twenty 
by varying the velocity of rotation. 

33. In this experiment the rope is vertical and the rotating wheel 
horizontal, but I have here an arrangement in which the wheel is ver- 
tical and the vibrating chord horizontal. Instead of a rope I now 
employ a burnished silver chain. Turning this wheel slowly I cause 
the chain to swing as a whole, and describe a spindle twelve feet long 
and nearly two feet in diameter at its widest part. Augmenting the 
speed of rotation 1 divide the chain into two spindles, each six feet 
long and more than a foot in diameter ; a still higher velocity gives 
us three spindles, a still higher four, and so on. The g^light here 
flashes at intervals from the burnished links of the chain, and each 

• of those brilliant points describes a curve of light. 

34. As soon as synchronism is established between the wheel and 
the chain, the amount of work performed by the arm which turns the 
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wheel is very sensibly augmented. Indeed it may be augmented until 
the strain thrown upon the chain by the accumulation of small impulses 
is sufficient to break it. 

85. I substitute for the chain this lighter cotton-rope, round which 
a silver band has been coiled as a spiral ; and from an electric lamp 
placed at the end of the rope I send a beam of light along its entire 
length. 1 now turn the wheel and divide the rope successively into two, 
three, four, or five ventral segments. The spindles show a graduated 
brilliancy, which is intensified until^it becomes almost dazzling at the 
nodes. The vibrating chord is, indeed, better seen when the light that 
falls upon it has been caused to pass through coloured glass. We thus 
obtain at pleasure green, blue, and red spindles, with nodes like 
fire shading off into the more subdued light of the ventral seg- 
ments. 

36. Substituting for the cotton rope a string of silvered beads, 
twelve feet long, I send the beam from the electric lamp along the 
string. On every bead rests a spot of light of sunlike brilliancy. 
When the wheel is turned, each spot describes a circle, and every ventral 
segment, of which we have now four, seems formed of a series of such 
dazzling parallel rings, which diminish in size right and left from 
the points of maximum amplitude till the diameters vanish at the 
nodes. 

37. So much for physical beauty ; we have now to revert to 
beauty of another kind. The experiments with tuning-forks above 
described, may be extended to the establishment of all the laws of 
vibrating strings. 1 have here four forks, a, h, c, </, whose vibra- 
tions are in the proportion of the numbers 1, 2, 4, 8. ‘‘Attaching 
a string eight feet long to the largest fork, 1 stretch it by a weight 
which causes it to vibrate as a whole. Keeping the stretching weight 
or tension the same, 1 attach pieces of the string to the other forks, 
and determine in each case the length which swings as a whole. These 
lengths are in tlie ratio of 8, 4, 2, 1. 

38. Hence the rapidity of vibration is inversely proportional to 
the length of the string. 

39. Here the string, eight feet long, vibrates as a whole when at- 
tached to the fork a. 1 now transfer it to 5, still keeping it stretched 
by the same weight. It vibrates when b vibrates ; but how ? By 
dividing into two equal ventral segments. In this way alone can it 
accommodate itself to the vibrating period of b. Attached to c, the 
same string separates into four, while when attached to d it divides 
into eight ventral segments. This may be deduced immediately from 
the law enunciated in 38, and its experimental realization reacis as a 
proof of that law. 

40. This result admits of extension. I have here two tuning- 
forks separated from each other by the musical interval called a fifth. 
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Attaching a string to one of the forks I stretch until it divides into two 
ventral segments ; attached to the other fork, and stretched with the 
same weight, the string divides instantly into three segments when the 
fork is set in vibration. Now to form the interval of a fifth the vibra- 
tions of the one fork must be to those of the other in the ratio of 2 : 3. 
The division of the string, therefore, declares the interval. Here also are 
two forks separated by an interval of a fourth. With a certain tension 
one of the forks divides our string into three ventral segments ; with 
the same tension the other fork divides it into four, which two numbers 
express the ratio of the vibrations. In the same way the division of 
the string in relation to all other musical intervals may be illustrated. 

41. Again. Here are two tuning-forks, a and one of which (a) 
vibrates twice as rapidly as the other. I attach this string of silk to 
a, and stretch the string until it synchronises with the fork and 
vibrates as a whole. I now form a second string of silk of the same 
length, by laying four strands of the first side by side. I attach this 
compound thread to 6, and keeping the tension the same as in the last 
experiment, set b in vibration. The compound thread synchronises 
with and swings as a whole. Now, by quadrupling the original 
thread, I obtairvs^l a string of twice the diameter of the original one : 
for the transverse section of any string is as the square of its diameter. 
Hence, as the fork h vibrates with half the rapidity of a, by doubling 
the diameter of the string, I halved its rapidity of vibration. In 
the same simple way it might be proved that by trebling the diameter 
of the string we reduce the number of its vibrations to one third. In 
general terms : — 

42. The rapidity of vibration is inversely proportional to tho 
diameter of the string. 

43. A beautiful confirmation of this result is thus obtained : — 
Attached to this tuning-fork is a silk string six feet long. Two feet of 
this string are composed of four strands of the single thread, placed 
side by side, the remaining four feet are a single thread. I apply a 
tension, which causes the string to divide into two ventral segments. 
But how does it divide? Not at its centre, as is the case when the 
string is of uniform thickness throughout, but at the point where the 
thick string terminates. This thick segment, two feet long, is now 
vibrating at the same rate as the thin segment four feet long, a result 
which must manifestly follow from the combination of the two laws 
which we have already established. I need hardly say that if the 
lengths were in any other ratio than 1 : 2, the node would not be 
formed at the point of union of the two strings. 

44. We have now to establish the third law of vibrating chords. 
Here are two strings of the same length and thickness. One of them 
is attached to the fork 6, the other to the fork a, which vibrates with 
twice the rapidity of b. Stretched by a weight of 20 grains placed on 
this balanced scale-pan, the string attached to h vibrates as a whole. 
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SubstitutiDg the fork a for 1 find that a weight of 80 grains causes 
the string to vibrate as a whole. Hence to double the rapidity of 
vibration we must quadruple the stretching weight. In the same way 
it might be proved that to treble the rapidity of vibration we should 
have to make the stretching weight nine-fold. In general terms : — 

45. rapidity of vibration is proportional to the square root of 
the tension. 

46. In the foregoing experiment both the tension and the rate 
of vibration were caused to vary. We will now cause the tension alone 
to vary, and observe the effect upon the entire string. I carry this 
silk chord from this tuning-fork to the scale-pan, and stretch it by a 
weight of 80 grains. The string vibrates as a whole. By diminishing 
the weight I relax the string, which finally divides sharply into two 
ventral segments. What is now the stretching weight? 20 grains. 
With a stretching weight of almost exactly 9 grains it divides into 
three segments, while with a stretching weight of 5 grains it 
divides into four segments. Thus then a tension of one-fourth doubles, 
a tension of one-ninth trebles, a tension of one-sixteenth quadruples 
the number of ventral segments. In general terms, the number of 
segments is inversely proportional to the square root of the tension. 
This result may be deduced by reasoning from the laws enunciated in 
38 and 45, and its realization in fact confirms their correctness.* 

47. Finally, I have here three wires of the same length and thick- 
ness, but of very difierent densities ; one of them is of the light 
metal aluminium, another of silver, and another of the heavy metal 
platinum. I attach the wires in succession to this tuning-fork, and 
determine the weights necessary to cause them to vibratMis a whole, 
or to form the same number of ventral segments. The stretching 
weights here necessary J find to be directly proportional to the specific 
gravities of the wires. From this result, combined with that enunciated 
in 45, it follows that — 

48. The rapidity of vibration of different chords of the same 
length and thickness is inversely proportional to the square root of 
their densities. 

49. It is, perhaps, worth remarking that, by means of a tuning- 
fork, the specific gravities of all metals capable of being drawn into 
wires of sufficient fineness and tenacity may be determined. 

The foregoing laws have been combined in various ways ; and the 
deductions drawn from them, when subjected to the test of ^direct 
experiment, have, in every instance, been verified. 

LJ^T.] 


* This experiment, in whole or in part, has been ah end \ perfoi^ed by 
Prof, Foster, of University College. 


Friday, January 18, 1867. 


John Tyndali, Esq. LL.D. P.B.S. 

PROFEflSOB OP NATUBAL PHILOSOTHY, R.I. EIO. 


On Sounding and Sensitive Flames. 

Histobioal. 

The sounding of a hydrogen flame when enclosed within a glass tube 
was, I believe, first noticed by Dr. Higgins, in 1777. The subject 
has been since investigated by Chladni, De la Hive, Faraday,' Wheat* 
stone, Eijko, Sondhauss, and Eundt. I'he action of nnisonant sounds 
on flames enclosed in tubes has been investigated by Count SchafiT- 
gotsch and myself. The jumping of a naked fish-tail flame, in 
response to mui^ical sounds, was first noticed by Professor Leconte at 
a musical party in the United States. He made the important 
observation that the flame did not jump until it was near flaring. 
That his discovery was not farther follow^ up by this learned investi- 
gator was probably due to too great a stretch of courtesy on his part 
towards myself.* Last year, while preparing the experiments for one 
of my “Juvenile Lectures,” my late assistant, Mr. Barrett, observed 
the cfiect independently ; and he afterwards succeeded in illustrating 
it by some very striking experiments. With a view to the present 
discourse, and also to tho requirements of a forthcoming work on 


* The observation of Professor Leconte is thus graphically described : — “ Soon 
after the music commenced, I observed that the flume of tlie last-mentioned burner 
exhibited pulsations in height which were exactly synchronoue with the audible 
beats. This phenomenon was very striking to every one in the room, and especially 
so when the strong notes of tho violoncello came in. It was exceedingly inter- 
esting to observe how perfectly even the trilU of this instrument were reflected on 
the sheet of flame. A deaf man might have seen the harmony. As tho evening 
advanced, and the diminished consumption of gas in the city increased the pressure, 
the phenomenon became more conspicuous. The jumping of the flame ^dually 
increased, became somewhat irregular, and, finally it oegan to flare contmuously, 
emitting the characteristic sound indicating the escape of a greater amount of gas 
than could be properly consumed. 1 then ascertained by experiment, that the 
phenomenon did not take place unless the discharge of gas was so regulated, that 
the flame approximated to the condition of flaring. 1 likewise determined by 
experiment, tW tho effects were not produced by jarring or shaking the floor and 
walls of the room by means of repeated concussions. Hence it is obvious that the 
pulsations of tho flume were not owing to imlirect vibrations propugati'd tlirough 
the medium of tho walls of tho ixx)m to tho buniiug apparatus, but must have boon 
produced by tlio direct influence of aerial sonorous pulses ou the buniiug jet.’* — 
* FhiL 4ih series, vol. xv. March, 1858, p. 235 ; and * Billiman's Amoricau 
Journal,* Jan. 1858. 
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Sound, the subject of sounding and sensitiye flames has been recently 
submitted to examination in the Laboratory of the Eoyal Institution. 
The principal results of the inquiry are embodied in the following 
abstract. 


Abstract of Leotubb. 

Pass a stesidily<bnming candle rapidly through the air, you obtain 
an indented band of light, while an almost music^ sound heai*d at the 
same time announces the rhythmic character of the motion. If, on 
the other hand, you blow against a candle-flame, the fluttering noise 
produced indicates a rhythmic action. 

W hen a fluttering of the air is produced at the embouchure of an 
organ-pipe, the resonance of the pipe reinforces that particular pulse 
of the flutter whose period of vibration coincides with its own, and 
raises it to a musical sound. 

When a gas-flame is introduced into an open tube of suitable 
length and width, the current of air passing over the flame produces 
such a flatter, which the resonance of the tube exalts to a musical 
sound. 

Introducing a gas-flame into this tin tube three feet long, we 
obtain a rich music^ note ; introducing it into a tube six feet long, wo 
obtain a note an octave deeper — the pitch of the note depending on the 
length of the tube. Introducing the flame into this third tube, which 
is &teen feet long, the sound assumes extraoinlinary intensity. The 
vibrations which produce it are sufficiently povvei^ul to ^hake the 
pillars, floor, seats, gallery, and the five or six hundi*ed people who 
occupy the seats and gallery. The flame is sometimes extinguished 
by its own violence, and ends its peal by an explosion as loud as a 
pistol s£ot. 

The roar of a flame in a chimney is of this character : it is a rude 
attempt at music. 

By varying the size of the flame, these tubes may be caused to 
emit their harmonic sounds. 

Passing from large tubes to small ones, wo obtain a scries of 
musical notes, which rise in pitch as the tube diminishes in length. 
This flame, surrounded by a tube 17 J inches long, vibrates 159 times 
in a second, while that contained in this tube, 10^ inches long, 
vibmtcs 717 times in a second. Owing to the intense heat of the 
sounding column, these numbers are gi'eater than those correspujliding 
to organ-pipes of the same lengths sounding in air. ^ 

The vibrations of the flame consist of a series of partial extinctions 
and revivals of the<flame. ' 

The singing flame appears continuous ; but if the head bo mo^cd to 
and fro, or if an opera-glass, directed to the flamo, be caused to^movo 
to and fro ; or if, after the method of Wheatstone, the flaiie be 
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regarded in a mirror whicli is caused to rotate, tlie images duo to the 
revivals of tho flame arc separated from each other, and form a chain 
of flames of great beauty. 

With a longer tube and larger flame, by means of a concave mirror, 
I can project this chain of flames upon a screen. 1 flrst clasp my 
hand round tho end of the tube so as to prevent the current of air 
which causes tho flutter from passing over the flame : — the image of 
tho flame is now steady upon the screen before you. I move tho 
mirror to and fro, and you have this continuous luminous band : 
1 mthdraw my hand ; the current of air passes over the flame, and 
instantly the band breaks tip into a chain of images. 

A position can be chosen in tho tube at which the flame bursts spon- 
taneously into song. A position may also bo chosen where tho flame 
is silent, but at which, if it could only be started, it would continue to 
sound. It is possible to start such a silent flame by a pitch-pipe, by 
tho syren, or by tho human voice. It is also possible to cause one 
flame to effect the musical ignition of another. 

The sound which starts tho flame must be nearly in miison with its 
own. Both flames must be so near unison as to produce distinct beats. 

A flame may be employed to detect sonorous vibrations in air. 

Thus, iu ffunt of this resonant case, which supports a largo and 
powerful tuning-fork, I move this bright gas-flame to and fro. A 
continuous baud of light is produced, slightly indented through tho 
friction of tho air. The fork is now sounded, and instantly this band 
breaks up into a scries of distinct images of tho flame. 

Approaching the same flame, towards either end of one of our tin 
tubes, with the sounding flame within it, and causing it to move to 
and fro, the sonorous vibrations also effect the breaking up of the band 
of light into a chain of images. 

In this glass-tube, fourteen inches long, a flame is sounding : I 
bring the flat flame of a fish-tail bmner over tho tube, the broad side 
of the flame being at right angles to the axis of tho tube. The fish- 
tail flame instantly emits a musical note of the same pitch as that 
of tho singing-flame, but of different quality. Its sound is, in fact, 
that of a membrane, tho part of which it hero plays. 

Against a broad bat’s-wing flame 1 allow a sheet of air, issuing 
from a thin slit, to impinge. A musical note is tho consequence. 
Tho note can be produced by air or by carbonic acid ; but it is pro- 
duced with greater 101X50 and purity by oxygen. The pitch of tho note 
depends on tho distance of tho slit from tho flame. 

Before you bums a bright candle-flame : I may shout, clap my 
hands, sound this whistle, strike this anvil with a hammer, or exx)lode 
a mixture of oxygen and hydrogen. Though sonorous waves pass 
in each case through tho air, the candle is absolutely insensible to 
the sound ; there is no motion of tho flame. 

I now urge from this small blow-pipe a narrow stream of air 
tlirough tho flamo of the candle, producing thereby an incipient flutter, 
and reducing the brightness of the flame. I now sound the whistle ; 
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the flame jumps visibly. Matters may be so arranged that when 
the whistle sounds, the flame shall be either almost restored to its 
pristine brightness, or that the amount of light it still possesses shall 
disappear. 

Before you now bums a bright flame from a fish-tail burner, I 
may, as before, shout, clap my hands, sound a whistle, or strike an 
anvil ; the flame remains steady and without response. I urge against 
the broad face of the flame a stream of air from the blow-pipe just 
employed. The flame is cut in two by the stream of air. It flutters 
slightly, and now when the whistle is sounded the flame instantly 
starts. A knock on the table causes the two half-flames to unite and 
form for an instant a flame of the ordinary shape. By a slight vanation 
of the experiment, the two side-flames disappear when the whistle 
is sounded, and a central tongue of flame is thrust forth in their 
stead. 

Passing from a fish-tail to a bat’s-wing burner, 1 obtain this 
broad steady flame. It is quite insensible to the loudest sound which 
would bo tolerable here. The flame is fed from tliis gas-holder, 
which places a power of pressure at my disposal unattainable from 
the gas-pipes of the Institution. I tm*n on more gas ; the flame culai'ges, 
but it is still insensible to sound. I enlarge it still more, and now a 
slight flutter of its edge answers to tho sound of the whistle. Turning 
on a little more gas, and sounding again, the jumping of tho flamo is 
still more distinct. Finally I turn on gas until the flame is on tho 
point of roaring, as flames do when the pressure is too groat I now 
sound my whistle ; tho flame roars and thioists suddenly upwards eight 
long quivenng tongues. 

I strike this distant anvil with a hammer, tho flamo instantly 
responds by thrusting forth its tongues. 

Another flamo is now before you. It issues from a burner, formed 
of ordinary gas tubing by my assistant. Tho flame is 18 inches long, 
and smokes copiously. I sound the whistle; the flame falls to a 
height of B inches, tho smoko disappears, and tho brilliancy of the 
flamo is augmented.* 

Here are two other flames, also issuing from burners formed by 
my assistant. The one of them is long, straight, and smoky ; 
the other is short, forked, and brilliant. I sound the whistle ; the 
long flame becomes short, forked, and brilliant; the forked flame 
becomes long and smoky.^ As regards, therefore, their response to 
the sonorous waves, the one of these flames is tho exact complement 
of the other. 

Here are various flat flames, ten inches high, and about three 
inches across at their widest part. They are purposely made fc|rked 
flames. When the whistle sounds, the plane of each flame |ums 

* Mr. Barrett also observed tho increase of light on tho shortenine of u^ilamo 
by a musical sound ; nor did tho su|)orior effect of high notes escape the attention 
ox this acute and skilful young experimenter. 
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ninety degrees round, and continues in its new position as long as the 
whistle continues to sound. 

Here again is a flame of admirable steadiness and brilliancy, 
issuing from a single circular oriflce in a common iron nipple. I 
whistle, clap my hand, strike the anyil, and produce other sounds : the 
flame is perfectly steady. Observe the gradual change from this 
apathy to sensitiveness. The flame is now 4 inches high. I make 
its height 6 inches ; it is still indiflerent. I make it 10 inches ; a 
barely perceptible quiver responds to the whistle. I make it 14 
inches high, and now it jumps briskly the moment the anvil is 
tapped or the whistle sounded. I augment the pressure ; the flame 
is now 16 inches long, and you observe a quivering which 
announces that the flame is near roaring. I increase the pressure ; 
it now roars, and shortens at the same time to a height of 8 inches. 
I diminish the pressure a little ; the flame is again 16 inches long, 
but it is on the point of roaring. It stands as it were on the brink 
of a precipice. The whistle pushes it over. Observe it shortens when 
the whistle sounds, exactly as it did when the pressure was in excess. 
The sonorous pulses, in fact, furnish the supplement of energy neces- 
sary to produpe the roar and shorten the flame. This is the simple 
philosophy of all these sensitive flames. 

The pitch of the noto chosen to push the flame over the brink 
is not a matter of indifference. I have here a tuning-fork which 
vibrates 256 times in a second, emitting a clear and forcible note. 
It has no effect upon this flame. Here are three other fdrks, vibrating 
respectively 320, 384, and 512 times in a second. Not one of them 
produces the slightest impression upon the flame. But, besides their 
fundamental tones, these forks can be caused to sound a series of 
overtones of very high pitch. I sound this series of tones : the 
vibrations are now 1,600, 2,000, 2,400, and 3,200 per second respec- 
tively. The flame jumps in response to each of these sounds ; the 
response to the highest tone of the series being the most prompt and 
energetic of all. 

To the tap of a hammer upon a board the flame responds ; but to 
the tap of the same hammer upon an anvil the res])onse is much more 
brisk and animated. The reason is, that the clang of the anvil is rich 
in the higher tones to which the flame is most sensitive. 

Here again is an inverted bell, which I cause to sound by means of 
a fiddle-bow, producing a powerful tone. The flame is unmoved. I 
bring a halfpenny into contact with tlie surface of the bell : the conse- 
quent rattle contains the high notes to which the flame is sensitive. 
It instantly shortens, flutters, and roars when the coin touches the 
boll. 

Here is another flame, 20 inches long. I take this Addle in my 
hand, and pass a bow over the three strings which emit the deepest 
notes. There is no response on the part of the flame. I sound the 
highest string : the jet instantly squats down to a tumultuous bushy 
flame, 8 inches long. I have here a small bell, the hammer of whi<di 
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is caused to dosoend hj clock-work. 1 hold it at a distance of 20 yards 
from the flame. The strokes follow each other in rh 3 rthmic succession, 
and at every stroke the flame falls from a height of 20 to a height of 
8 inches. 

The rapidity with which sound is propagated through air is well 
Qlustiated by these experiments. There is no sensible interval between 
the stroke of the bell and the shortening of the flame. 

Some of these flames are of marvellous sensibility ; one such is 
at present burning before you. It is nearly 20 inches long ; but the 
slightest tap on a distant anvil knocks it down to 8. I shake this 
bunch of keys or these few copper coins in my hand: the flamo 
responds to every tinkle. I may stand at a distance of 20 yards 
from this flame : the dropping of a sixpence from a height of a couple 
of inches into a hand alre^y containing coin, knocks the flame down. 
I cannot walk across the floor without affecting the flame. The 
creaking of my boots sets it in violent commotion. The crumpling 
of a bit of paper, or the rustle of a silk dress, does the same. It is 
startled by the plashing of a raindrop. I speak to the flame, repeating 
a few lines of poetry; the flame jumps at intervals, apparently 
picking certain sounds from my utterance to which it can respond, 
while it is unaffected by others. 

In our experiments downstairs we have called this the vowel flame, 
because the different vowel-sounds affect it differently. Vowel-sounds 
of the same pitch are known to be readily distinguishable. Their 
qualities or clang-tints are different, though they have a common 
fundamental tone. They differ from each other through the admixture 
of higher tones with the fundamental. It is the piesence of these 
higher tones in different proportions that characterizes Ihe vowel 
sounds ; and it is to these same tones, and not to the fundamental 
one, that our flame is sensitive. I utter a loud and sonorous U, the 
flame remains steady ; T change the sound to O, the flame quivers ; 
I sound E, and now the flame is affected strongly. I utter the 
words hoot, hoed, and heat in succession. To the first there is no 
response; to the second, the flamo starts; but by the third it 
is thrown into violent commotion ; the sound / is still more 
powerful When the vowel sounds ore analysed their constituents 
are found to vary in accordance with the foregoing experiments ; 
those characterized by the sharpest overtones being the most powerful 
excitants of the flame. (See Helmholtz in Pogg. Annalen, vol. cviii, 

p. 286.) 

The flame is peculiarly sensitive to the utterance of the letter 8. If 
the most distant person in the room wore to favour me with a “Jiiss,” 
the flame would be instantly shivered into tumult. The utteraico of 
the word “ hush,” or “ puss,” produces the same effect. This massing 
sound contains the precise elements that most forcibly affoit the 
flame. The gas issues from its burner with a hiss, and an ex|emal 
sowd of this character added to that of a gas-jet already ob the 
point of roaring is equivalent to an augmentation of pressure ($1 the 
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ifisoing stream of 1 hold in mj hand a metal box containing 
compressed air. 1 turn the cock for a moment so as to allow a 
puff to escape : the flame instantly ducks down ; not by any transfer 
of air from the box to the flame, for I stand at a ^stance which 
utterly excludes this idea; it is the sound of the issuing air that 
affects the flame. The him produced in one oriflce precipitates the 
tumult at the other.* 

Finally, I place this musical box on the table, and permit it to play. 
The flame responds like a sentient creature, curtseying to the notes to 
which it is sensitive, 

[J. T.] 


• Those who wish to repeat these experiments would do well to bear in mind, 
as an essential condition of complete success, that a free way should be open ibr 
the transmission of the vibrations from the flame hacIcwardSf through the gaspiM 
which foods it. The orifices of the stopcocks near the flame ought to be as wide 
os possible. 



Friday, January 26, 1867. 


Sir Hsnbt Holland, Bart. M.D. D.C.L. F.E.S. President, 
in the Chair. 

WiLUAH Odling, M.B. F.E.8. 

On Mr, Oraham^a Recent Diacovertes on the Diffusion of Qaaea. 

I. 

When atmospheric air is separated from a vacnoos or partially vacuous 
spaco by a septum, partition, or bag of india-rubber, somo air passes 
through the septum into the originally vacuous space. 

This space may be conveniently maintained vacuous, and any 
air passing into it be simultaneously withdrawn and delivered for 
cxaminatiou, by me«ans of SprengcFs exhauster. 

Whereas atmospheric air consists of about 21 per cent, of oxygen 
and 79 per cent, of nitrogen, the air transmitted through india-rubber 
into a vacuous space is found to contain about 40 per cent, of oxygen 
and 60 per cent, of nitrogen, and to have the property of ro-infloming 
a glowing splinter. 

A transmission, therefore, takes place through the rubber septum 
of both constituents of the atmosphere, but there is a greater propor- 
tionate transmission of its oxygen than of its nitrogen. 

Single or unmixed gUscs, similarly sepai’ated from a vacuous space 
by a septum of india-rubber, penetrate the rubber and enter the 
vacuous space with the following relative velocities ; — 


Nitrogen 1 

Marsh-gas 2*15 

Oxygen 2’55 

Hydrogen 5’50 

Gaibonic acid 13*58 


From these velocities the observed passage of mixed oxygen and 
nitrogen gases through india-rubber is deducible by calculation ; and 
conversely, the separate velocities of oxygen and nitrogen are deducible 
from the transmission-results obtained with atmospheric air : — 

Oxygen 21 x 2*55 = 53*55 . . 40*^ 

Nitrogen 79^ X 1 = 79 0 . 59*6| 

132-65 lOOtf 

The constituent gases of atmospheric air not only para throt^h an 
india-rubber septum into a vacuous space, but idso into a spaco 
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oontaining some other gas, such as hydrogen or carbonic acid, and 
at the relative velocitios with which they enter a vaonons space ; but 
the conditions of the experiment then become more complicated. 

In the case of an india-rubber balloon filled with carbonic acid, for 
instance, not only are atmospheric oxygen and nitrogen gases con- 
tinually entering the balloon, but carbonic acid gas is continually and 
very rapidly escaping from it. 

Throughout the vacuum experiment, the conditions remain constant, 
the hyperoxygenizod air being withdrawn as fast as transmitted ; but 
in the balloon experiment, the oxygen is gradually accumulating within 
the balloon, whereby the conditions are constantly varying. 

Eventually, by the rapid escape of carbonic acid, the proportion or 
pressure of oxygen in the interned mixture comes to exce^ that in the 
external air ; whereupon a reverse transmission through the balloon, 
of the excess of oxygen into the external air, at once begins. 


II. 

When, drdtnary coal gas is separated from a vacuous space by 
a septum, partition, or tube of platinum, some gas passes through the 
platinum septum into the originally vacuous space, as soon os, but 
not until, the metal is raised to the temperature of ignition. 

Whereas coal-gas is a variable mixture of marsh-gas and hydrogen 
with several other gases and vapours, containing on the average about 
45 per cent, of marsli-gas and 40 per cent, of hydrogen, the gas 
transmitted through ignited platinum is found to consist exclusively 
of hydrogen. 

A transmission therefore of only one, and that not the most 
abundant of the many constituents of coal-gas, takes place into the 
originally vacuous space through a septum of ignited platinum. 

So that while the nitrogen of the air is transmitted through a 
septum of india-rubber in a much smaller ratio than its oxygen, the 
other constituents of coal-gas are transmitted through a septum of 
ignited platinum in an infinitely smaller ratio than is its hydrogen. 

Experimenting with single or unmixed gases, the quantity of 
hydrogen transmitted through a septum of ignited platinum into a 
vacuous space amounted to over 100 cubic centimetres in half-an-hour ; 
whereas, under the same conditions, the quantity transmitted of 
oxygen, nitrogen, marsh-gas, carbonic acid, and some other gases, did 
not amount to * 01 cubic centimetre in half-an-hour. 

Further, the transmission of hydrogen through a septum of ignited 
platinum, as of various gases through a septum of india-rubber, takes 
p]^ into a volume of some other gas as well as into a vacuum, but 
with a similar complication of results. 

What is the nature of these transmissions of gas through india- 
rubber and ignited platinum respectively? Are the fdienomena in 
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the two cases similar or dissimilar to each other; and with what 
class of actions are they one or both associated ? 


m. 

By a Bofficient degree of pressure, gases may be forced through 
the minute channels of a porous septum ; or, in other words, may 
pass through such a septum by transpiraiion. 

But transpiration takes place ^y 'through obvious channels or 
pores, from which india-rubber and platinum are entirely free. 

Again, transpiration through a porous septum takes place only in 
the direction of the preponderating total pressure; but the trans- 
mission of gas through india-rubber and ignited platinum, from one 
gaseous space into another, can take place in the opposite direction to 
Siat of the total pressure, and in both directions at the same time, by 
a sort of interchange of gases through the septum. 

Moreover, the composition of a mixed gas, such as atmospheric 
air or coal-gas, is not altered by mere transpiration ; whereas the 
composition of these mixed gases is greatly cdtered by their trans- 
missiona through india-rubber and ignited platinum respectively. 

Lastly, every gas and every mixture of gases has its own special 
velocity of transpiration, irrelative to any other property of the gas, 
and irreducible to any general law. Those rates are altogether 
different from the observed rates of transmission of the same gases 
through india-rubber and ignited platinum, thus : — 


Oxygen 1*00 

Nitrogen '87 

Carbonic acid '73 

Marsh-gas '55 

Hydrogen *44 


From these differences in the character of the phenomena, as well 
as from another important difference hereafter to be mentioned, it is 
clear that the transmission of various gases through india-rubber, and 
of hydrogen through platinum, is not due to transpiration. 

IV. 

As the channels of a porous septum become moro and more 
minute, their resistance to the bodily transmission of gas becomes 
greater and greater, and the quantity of gas forced through them less 
and less, until at length the septum becomes absolutely impermeable 
to transpiration, under the particular pressure. 

But such a septum, of which the individual capillary channel^ are 
so small as to offer a neater resistance, or friction, to the passage (4 gas 
through them than the available pressure can overcome, may neve^e- 
less present a considerable aggregate of interspace, through which the 
proper diffusive movement of gases, due to their innate molecular 
mobilify, may take place freely. 
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When any yolnme of gas is allowed access to a vacuous space, or to 
an additional gaseous space, it gradually diffuses itself throughout the 
space afforded it, at a rate inversely proportionate for each gas to the 
square root of its specific gravity. 

In so far as the aggregate area of interspace available for diffusion 
is greatly diminished, by the introduction of a porous non-transpiring 
septum l^tween the ^ffhsing gas and the additional space afforded it, 
so is the amount of diffusion within a given time proportionably 
diminished ; but in no other respect does the septum appear to ^e 
any part in the action ; it neither promotes nor retards the diffusion, 
but simply allows it to take place in proportion to the aggregate area 
of the interspace which it affords. 

The experimental determination by means of Bunsen’s diffusiono- 
metor of the relative diffusion-velocities of different gases through a 
thin plate of compressed gi'aphite— a septum without obvious pores and 
quite impeimeablo to transpiration — has given numbers which are 
almost identical with the reciprocals of the square roots of the 
specific gravities of the several gases : — 


I^drogen 3*80 

^Marah-gas 1*34 

Nitrogen 1*01 

Oxygen *05 

Carlx)nic acid *^^1 


Interdiffiision of different gases takes place iu proportion to their 
respective diffusion-velocities. Thus with air and hydrogen separated 
from each other by a graphite septum, for every 1 volume of air which 
passes into the hydrogen-space, 8 * 8 volumes of hydrogen pass into the 

air-space. . i • 

Mixed gases also diffuse away from one another according to their 
respective diffusion-velocities. As a result of even the small superior 
diffusiveness of nitrogen over that of oxygen, the proportion of oxygon 
in atmospheric air has been increased from 21 to 24*6 per cent., by 
the diffusion of nitrogen away from it, diunng its conveyance through 
several lengths of porous tobacco-pipe enclo^ in a vacuous space. 

The acts of gas-diffusion through porous septa and of gas-trans- 
mission through india-rubber and ignited platinum resemble each 
other in several points. They both take place through septa firoe 
from obvious pores ; they both take place as well in the direction as 
against the direction of the preponderating pressure, and also in op- 
posite directions at the same time by a sort of interchange ; ond^ they 
both effect an alteration in the composition of any mixed gas subjected 
to thoir operations. 

But &ey differ altogether from one another in the relative 
velocities with which the gas-movements in each ca^ are effSseted — 
the transmissions of gas through india-rubber and ignited platinum 
being at special rates, while the diffusions of ^s through porous 
septa are inversely as the square roots of the spedfio gravities of the 
particular gases. 
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Thus the specifio gravity of nitrogen being somewhat less than 
that of oxygon, its rate of diffusion is accordingly somewhat higher, 
in the proportion of 101 to 95. Hence, if the passage of air through 
the rubber septum were due to diffusion, the transmitted air shoidd 
be rather richer in nitrogen and poorer in oxygen than the original 
air; whereas the transmitted air is actually found to be very much 
lidhet in oxygen and poorer in nitrogen than the original air. 

Again, hydrogen having a far lower speciffc gravity than marsh- 

g ks, its diffusion rate is very much higher, in the ratio of 880 to 134. 

ence, taking the proportion of mar^-gas to hydrogen in coal-gas, 
as 1 to 1, and it is usually rather greater, if the passage of coal-gas 
through ignited platinum were due to diffusion, for every 880 volumes 
of hydrogen transmitted there should be 184 volumes of marsh-gas : 
but in r^ity no marsh-gas whatever is transmitted ; so that neither 
with the rubber septum nor with the platinum septum are the results 
due to diffusion. 


It is rare to have phenomena of diffusion undisturbed by 
phenomena of transpiration, or phenomena of transpiration un- 
disturbed by phenomena of diffusion; but since the alteration in 
the composition of a mixed gas by its passage through a trans- 
piring-diffiising septum is effected solely by diffusion, the results 
obtained with the rubber and platinum septa are not duo to joint 
transpiration-diffusion. 


V. 

A septum may be quite free from pores of any kind or degree 
of minuteness, and so far be absolutely impormeablo to the passage 
of gas through it in the form of gas, but may nevertheless permit a 
considerable transmissipn of certain gases by their prior solution or 
liquefaetion in the substance of the septum. 

The merest film of water, as of a soap-bubble for instance, is quite 
impermeable to gas as gas; but allows the ready transmission of a 
soluble gas, such as ammonia, through it, by reason of a prior 
solution or liquefaction of the ammonia in the film of water. 

The film of water may be replaced by a moist membrane of any 
degree of thinness or thickness, with a similar result. 

In this case the phenomenon consists in a solution of the gas in 
the moist material of the septum — in a diffusion of the liquefied gas 
as a liquid through the thickness of the septum — in an evaporation 
of the liquefied gas from the remote surface of the septum — and^lostly, 
in a diffusion of the evaporated gas into the adjoining space. ' 

Of the many circumstances affecting the final result, the infauence 
of the solubility of the gas in the liquid of the septum would so far 
predominate over all other influences as to allow of their beu ig left 
out of consideration. Whence it may be affirmed that the tiansmiBsion 
of any gas through a film of liquid, or a moist septum,* will be found 
proportionate to me solnbilily of the gas in the liquid. 
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Bat gases are absorbable not only by liquids, but also by certain 
solids, and especially by charcoal. 

Tl^ gases absorbed by charcoal are probably liquefied in the 
charcoal ; at any rate, the more absorbable of them occupy a bulk 
considerably less than if reduced to the liquid state by pressure. 

All charcod. is more or less porous ; but its absorption of gases 
is not proportionate to, or a more physical effect of^ its porosity ; since 
other similarly porous substances do not manifest the same absorptive 
power ; and since the absorbability by charcoal of any gas is as special 
a property of that gas as is its solubility in water, or alcohol. 

The transmission of an absorbable gas through a septum of 
compact charcoal, such as the rocoa-nut charcoal us^ by Mr. Hunter 
of Belfast, which absorbs about of its volume of mercury, and 
111 times its volume of ammonia, would take place in two ways. 

A portion of the gas would pass through the fine pores of the 
charcofld as gas, by diffusion, at a rate inversely proportionate to the 
square root of its specific gravity; while another portion would 
become liquefied in the charcoal by capillary condensation, pass 
through the charcoal as a liquid, and evaporate from the other side, 
just as wo^ild a gas liquefied by solution in a moist membrane ; and 
it is conceivable that, m some compact forms of charcoal, the trans- 
mission of gas by gaseous diffusion might be inappreciable as 
compared with its transmission by liquefaction and evaporation. 


VI. 

Whereas the more passage of gas through a transpiring or dif- 
fusing septum takes place in thorough independence of the nature 
of the material of the septum, in these last considered actions the 
transmission takes place by virtue of a sort of chemical affinity between 
the gas and the material of the septum — the selective absorption of the 
gas by the septum being a necessary antecedent of its transmission ; 
whence it may be said that the gas is transmitted because it is first 
absorbed. 

Is, then, the transmission of oxygen, <&o., through india-rubber, and 
of hydrogen through ignited platinum, effected by a process, at all allied 
to that of gas-liquefaction by solution or capillary condensation ? 

That septa of india-rubber and platinum differ from merely 
diffiisive and transpiring septa, in effecting or allowing a selective 
transmission of certain gases through them, is evident ; but do they 
first exert a selective or, in other words, a chemical absorption of these 
particular gases ? 

Experiment answers that they do ; oxygen proving to be more 
than twice as absorbable by india-rubber as by water, and hydrogen 
proving to be fully three times as absorbable by wrought-platinum as 
by charcoal. 
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The Btatements of fact and interpretation contained in this abstract 
are based npon the investigations of Mr» Graham, spread over a long 
period of years ; and especially upon the investigations' described in 
his more recent memoirs ‘On the Molecular Mobility of Gases’ (Phil. 
Trans., 1863), and ‘ On the Absorption and Dialytic Separation of 
Oases by Oolbid Septa ’ (Phil. Trans., 1866). 



Fliday, May 17, 18G7. 

Sir Henry Holland, Bart. M.D. D.C.L. F.B.S. President, 
in the Ohair. 

William Odling, M.B. F.R.S. 

On the Occlusion of Gases by Metals, 


1 . 

The remarkable property first observed by M. Deville, in the cose 
of homogeneous platinum and iron, when at a red heat, of being 
permeable to hydrogen gas, is not by any means confined to these 
two metals ; avl has been shown by Mi*. Graham to be manifested 
in a much greater degree by palladium, even at temperatures falling 
tsonsiderably short of redness. 

An exhausted tube of wrought palladium, surrounded by at- 
mospheric air, remains perfectly vacuous at a red heat ; surrounded 
by an atmosphere of hy(i*ogcn, it remains vacuous at 100®, but allows 
of some transmission at 240“ ; while at 265”, and up to a temperature 
just short of redness, there is a steady and considerable passage 
of hydrogen to its interior, maintained vacuous by the Sprengel 
pump. Surrounded, under the same conditions, by coal gas, the free 
hydrogen of the coal gas alone finds its way into the interior of the 
tube, the remaining constituents of the gas being excluded by the 
heated palladium as efibctively os, in other experiments, they are 
excluded by ignited platinum. 

This transmission of hydrogen, through the substance of various 
metals, is altogether different in character from the transmission of 
gases in general by the physical processes of transpiration and 
diffusion. It is evidently dependent upon some special relationship 
subsisting between the particular gas and metal, and has been shown 
by Mr. Graham to be preceded by an absorption or occlusion of the 
gas in the substance of the metal. 


IL 

Platinum-mro^ drawn from the fused and solidified metal, .was 
heated to redness and allowed to cool slowly in a current of dry 
hydrogen gas. After cooling, it was exposed freely to the air for some 
time, and then placed in a tube of porcelain or hard glass, uhicli was 
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next exhausted by the Sprengol pnmp. After complete exhaustion, 
the tube was boated to redness, when the contained platinum began 
and continued to give off hydrogen gas, which was delivered by the 
pump. The quantity of hydrogen, measured cold, amounted to 21 per 
cent, of the volume of the platinum- wire. That the absorption did 
not depend upon surface, was shown by drawing out the some wire to 
four times its original length, and repeating the expei^imcnt when the 
absorption was found not to have increased, but rather to havo 
decreased, as it amounted only to 17 per cent. 

To show the effect of texture, a similar experiment was made with 
platinum, which was found to absorb and deliver 148 per cent, 
of its volume of hydrogen. Experiments were also made with ordinary 
wrought platinum, a p^ticular piece of which was found to occlude in 
three successive experiments, 663, 493, and 383 per cent, of its volume 
of hydrogen, measured cold, giving a mean of 476 per cent. Thus 
the intermediate form of platinum, more porous than the fused, but 
more compact than the spongy form, was found to be the most 
absorptive. In round numbers, 1 volume of this platinum absorbed 
about 6 volumes of hydrogen which, at the temperature of the experi- 
ment, would amount to some 16 volumes. Now to compress 15 cubic 
centimetres, for instance, of hydrogen into the space of 1 cubic 
centimetre would require a pressure of 15 atmospheres. But in this 
experiment, the 16 cubic centimetres of hydrogen were condensed, 
not merely into 1 cubic centimetre of space, but into so much of 
1 cubic centimetre of space as appeared to entirely occupied by 
platinum, and was not really so occupied. So that assuming the pores 
of the wrought platinum to amount to r-Jffh of its bulk, the above 
described condensation of the hydrogen corresponded be that pio- 
ducible by a pressure of 16,000 atmospheres. 

To show the force, with which hydrogen was retained by plati- 
num, another piece of the wrought metal was charged with hydrogen 
as before, and then heated very gradually in a vacuous tube. During 
exposure for an hour to 220^, not a particle of gas was evolved. At a 
temperature slightly below that of visible redness, there was still no 
gas evolved. At a temperature sufficient to soften glass (500"), 1*72 
o.c. of hydrogen were collected in ten minutes; and, heated for an 
hour in a combustion furnace, an additional 8*20 c.c, of hydrogen were 
collect^, making altogether 9*92 c.c., or 379 per cent, of the volume 
of platinum employed in the experiment. The same piece of plati- 
num, charged with hydrogen, was kept for two months, sealed up in a 
glass tube, which it nearly filled. At the end of that time, thu air of 
the tul^ was found to be quite free from hydrogen, showing th|Lt none 
had been evolved by the enclosed platinum. \ 

The ab8oiq)tion of hydrogen by platinum took place at a t^pera- 
ture much below that necessary to cause an evolution of the ^volved 
gas. Thus some platinum-foil was found to absorb 76 per ^nt. of 
its volume of hydrogen at 100®, and 145 per cent, of its volluue at 
230®. 
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m. 

Palladium appears to be a metal altogether special in its relations 
to hydrogen. Foil of wrought palladium that hod been maintained 
at a temperature not exceeding 245", and allowed to cool slowly in a 
current of hydrogen, evolved, when afterwards heated in vacuo, no 
loss than 52,600 per cent., or 526 times its volume, of the gas within 
a quarter of an hour. But even this comparatively low temperature 
was found to exceed that most favourable to gas absorption. For, 
maintained at a temperature between 90" and 97" for three hours, and 
allowed to cool down doling an hour and a half, the foil absorbed 
643 times its volume of hydrogen, measured cold. Even at ordinary 
temperatures it absorbed 376 times its volume, provided it had been 
recently ignited in vacuo. Palladium sponge heated to 200" in a 
current of hydrogen, and allowed to cool slowly, afterwards yielded 
no less than 686 times its volume of the gas. Now if the absorption 
by ignited platinum of 5 times its volume of hydrogen is difficult to 
realize, how much more difficult is it to realize the absorption of 5 or 
6 hundred times its volume of hydrogen by moderately heated palla- 
dium ? Notwithstanding tho levity of the gas, this large absorption 
of hydrogen by palladium is sufficient to increase recognizably tho 
apparent weight of the metal. Tho retention, however, of such a 
charge of gas is not complete, a portion of tho condensed hydrogen 
being slowly evolved or volatilized by exposure of tho charged palla- 
dium to air. The hydrogen condensed in palladium is capable of 
exerting those i)articular reducing actions, which under ordinary cir- 
cumstances, are producible only when the gas is in the so-called nascent 
state. Thus the hydrogenized palladium quickly reduces permanganate 
of potassium, bleaches iodide of starch, throws down prussian blue from 
ferric ferrideyanide, &c. Further, the absorptive power of palladium 
is manifested in a varying degree upon different liquids. Thus, 1,000 
volumes of palladium-foil were found to absorb 1 volume of water, 
54 volumes of alcohol, and 14 volumes of ether ; results showing a 
special selective relationship of tho metal to those different liquids. 


lY. 

The absorption of hydrogen by ignited copper, in tho state of wire, 
amounted to 30 per cent., and, in the state of sponge, to 60 per cent. 
Gold, in the form of assay comottes, was found cepablo of absorbing 
48 per cent, of hydrogen, 29 per cent, of carbonic oxide, 16 por cent, 
of carbonic anhydride, and 20 per cent, of air ; but of this absorbed 
air, nearly tho whole was nitrogen. Before charging the cornettes 
with the above gases, it was necessary to ignito them for some time in 
vacuo, in order to expel the gas they had spontaneously absorbed in 
the muffie. This, which may be termed the natural gas of the 
eomettes, amount^ to 212 per cent., and consisted principally of 
hydrogen and carbonic oxide. Silver, unlike the preconsidered metals, 
is characterized by its preferential absorption of oxygen. In different 
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experiments, silver-wire heated to redness was found to absorb 74 per 
cent, of oxygen, and nearly 21 per cent, of hydrogen. Silver-sponge 
absorbed 722 per cent, of oxygen, 92 per cent, of hydrogen, 52 per 
cent, of carbonic anhydride, and 15 per cent, of carbonic oxide. A 
specimen of silver-le^, exposed to the air at a red heat, absorbed 
187 per cent, of oxygen, and 20 per cent, of nitrogen ; so that while 
ordinary atmospheric air contains 21 per cent, of oxygen, and the air 
absorbed by gold only about 6 per cent, the air ai^orbed by silver 
contained no less than 85 per cent of oxygen. 


V. 

Iron, though tolerably absorptive of hydrogen, is specially 
characterized by its absorption of carbonic oxide. Ordinary iron-wire, 
that hod been carefully cleaned and heated in vacuo to expel its 
natural gas, when afterwards heated in different atmospheres, was 
found to absorb 46 per cent, by volume of hydrogen, and 416 per cent, 
of carbonic oxide. The natural gas of wrought-iron, derived from the 
forge in which it hod been heated, proved to consist principally of 
carbonic oxide, and, in different experiments, ranged from 700 to 1,250 
per cent ; so ihat, in the course of its preparation, iron would appear 
to occlude upwards of 7 times its volume of carbonic oxide gas, w^ch 
it carries about with it ever after. The discovery of this absorbability 
of carbonic oxide by iron has an important bearing upon the theory 
of acieration. Carbonic oxide (0*0*) would appear to be actually 
absorbed by the substance of the iron, and then decomposed at a 
different temperature, into carbon (C) which, entering into combi- 
nation with the iron, converts it into steel, and into carboSlc anhydride 
(COi) which, escaping from the surface of the iron, gives rise to the 
appearance of blistering. 

It became a matter of interest to determine whether sidereal iron, 
that is 'to say the iron of meteorites, contained any, and, if any, what 
natural gas. Accordingly, some 45 grammes, or 6 cubic centimetres, 
of meteoric iron from the Lenarto fall were heated in vacuo for 
two hours and a half, and found by Mr. Graham to give off 16*5 cubic 
centimetres of gas, which consisted substantially, not of carbonic oxide, 
but of hydrogen, to the extent at least of 85*5 per cent, of the entire 
yield of gas, the remainder being chiefly nitrogen and carbonic oxide. 
The inference that the meteorite, at some time or other, had lieen 
ignited in an atmosphere of which the prevailing constituent was 
hydrogen, is obvious; and, judging from the volume of gas vielded, 
the hydrogen atmosphere must have been a highly condcni^ one. 
For oven under ordinary atmospheric pressure, telluric iron |s found 
to absorb but somewhat less than half its volume; whe^as this 
sidereal iron furnished fully two and a half times its vepume of 
hydrogen. It is known that Father Sccchi, in his classiflcatii^ of the 
stars according to their spectra, has distinguished one class, ^ typified 
by a Lyras, as having a spectrum which is essentially that of hydrogen. 
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VI. 

In the year 1823, Mr. Faraday established the general proposition 
that a gas is nothing else than the vapour of a volatile liquid existing 
at a temperature considerably above the boiling point of the liquid ; 
and that the condensing points of different gases are merely the 
boiling points of the liquids producing them. But the boiling point 
of a liquid, or the condensing point of its gas, is well known to be 
not a fixed point of temperature, but a point varying with the pressure 
to which the gas or liquid is subjected. Accordingly, every one of 
the many different gases known to chemists, with about six exceptions, 
has been actually condensed into the liquid state by a sufficient 
increase of pressui'e ; whereby the existing temperature of the gas has 
ceased to be above the heightened condensing point, or boiling point, 
corresponding to the increased pressure. And since a gas cannot be 
reduced by pressure to a bulk less than that corresponding to the 
pressure necessary to liquefy it, without its becoming liquefied, con- 
versely, the reduction of any gas to a bulk less than that correspond- 
ing to the pressure necessary to liquefy it, must be taken as evidence 
of its liquefaction. Hence, from the extremely minute volume which 
oxygen, hydrogen, and carbonic oxide occupy, when occluded for 
instance in silver, platinum, and iron respectively, there can be little 
doubt but that these gases, though included among the half dozen 
which have never been liquefied by direct pressure, do nevertheless 
exist in the liquid state when occluded in the above metals ; or, at any 
rate, do not exist in the gaseous state. 

As regards the nature of this absorption and presumable lique- 
faction of gases by metals, there are facts which seem to indicate that 
the phenomenon is related, on the one hand, to the absorption of gases 
by their solution in liquids, or in those soft solids which Mr. Graham 
has denominated colloids ; and, on the other hand, to the absorption 
of gases by their condensation in the minute pores of hard solids, such 
as compact charcoal. 

[W. 0.] 



Fridays, January 17 and 24, 1SG8. 

SiB Hsnbt Holland, Bart. M.D. D.C.L. F.R.S. President, 
in the Chair. 


John Tindall, Esq. LL.D. F.K.S. 

l*BOFL8&OR 01 NAlUfiAL lUlLOSCrUY. ROYAL lNslnTDlIu^. 

On Faraday as a Discoverer. 


Parentage : Introduction to the Royal Institution : Earliest Experiments j 
First Royal Society Paper : Marriage. 


It has been thought desirable to give you and tlio world somo 
image of Michael Fabaday, as a scientific investigator and dis- 
coverer. The attempt to respond to this desire has been to mo a 
labour of difficulty, if also a labour of love. For however well 
acquainted I may be with the researches and discoveries of that great 
mister, — however numerous the illustrations which occTh* to me of 
the loftiness of Faraday’s character and the beauty of his life,— still 
to grasp him and his researches as a whole ; to seize upon the ideas 
wfiick guided him, and connected them ; to gain entrance into that 
strong and active brain, and read from it the riddle of the world — this 
is a work not easy of performance, and all but impossible amid the dis- 
traction of duties of another kind. That I should at one period or 
another speak to you regarding Faraday and his work, is natural, if 
not inevitable; but I did not expect to bo called upon to speak so 
soon. Still the bare suggestion that this is the fit and proper time 
for speech sent me immediately to my task : from it I have itturned 
with such results as I could gather, and also with the wish that those 
results were more worthy than they ore of the greatness of my theme. 

It is not my intention to lay before you a life of Faraday in the 
ordinary acceptation of the term. The duty I have to perform is to 
give you some notion of what ho has done in the world; dwelling 
incidentally on the spirit in which his work was executed, ana intro- 
ducing such por^nal traits as may bo necessary to the completion 
of your picture of the philosopher, though by no means adequate to 
give you a complete idea of the inan. 

The newspapers have already informed you that Michael Faraday 
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was bom at Newington Butts, on the 22nd of September, 1791, and that 
ho fell finally asleep at Hampton Court, on the 25th of August, 1867. 
Belioylng, as I do, in the general truth of the doctrine of hereditary 
transmission — sharing the opinion of Mr. Carlyle, that “ a really able 
man never proceeded from entirely stupid parents” — I once used the 
privilege of my intimacy with Mr. Faraday to ask him whether 
his parents showed any signs of unusual ability. He could remem- 
ber none. His father, I believe, was a great sufferer during the later 
years of his life, and this might have masked whatever intellectual 
power he possessed. When thirteen years old, that is to say in 1804, 
Faraday was apprenticed to a bookseller and bookbinder in Bland- 
ford-street, Manchester-square : here he spent eight years of his life, 
after which ho worked as a journeyman elsewhere. 

You have also heard the account of Faraday’s first contact with 
the Royal Institution : that he was introduced by one of the members 
to Sir Humphry Davy’s last h'ctures ; that ho took notes of those 
lectures, wrote them faii-ly out, and sent them to Davy, entreating him 
at the same time to enable him to quit trade, which ho detested, and 
to pursue science, which ho loved. Davy was helpful to the young 
man, and thfs* should never be forgotten : ho at once wrote to Faraday, 
and afterwards, when an opportunity occurred, made him his assistant.* 
Mr, Gassiot has lately favoured me with the following reminiscence 
of this time : — 

“ Cl A PHAM Common, Surrey, 

“ 2^th November, 1867. 

“ My dear Tyndall, 

“ Sir n. Davy was accustomed to call on the late Mr. Pepys in the Poultry 
on his way to the London Institution, of which Pci)ys was one of the original 
managers ; the latter told me that on one occasion, Sir II. Davy, showing him 
a letter said, ‘Pepys, wdiat am I to do, here is a Utter from a young man 
named Faraday ; he has been attending my lectures and wants me to give him 
emplo}raeut at the Royal Institution, what can I do?* ‘ Do* replied Pepys, 
‘put him to wash bottles ; if he is good for anything, he will do it diiectly ; 
if he refuses, he is good for nothing.’ * No, no,’ replied Davy ; ‘ wc must try 
him with something better than that.’ The result was, that Davy engaged 
him to assist in tlie Laboratory at vjecJdy wages. 

“ Davy hold tho joint office of Professor of Chemistiy, and Director of the 
Laboratory; he ultimately gave up the former to the late Professor Brande, 


* Hero is Davy’s recommendation of Faraday, presented to the managers of 
the Royal InsUtution, at a meeting on tho 18th of March, 1813, Charles Hatchett, 
Esq., in tho chair : — 

“ Sir Humphry Davy has the honour to inform the managers that he has found 
a person who is desirous to occupy the situation in the Institution lately filled by 
William Payne. His name is Michael Faraday. Ho is a youth of twenty-two 
years of age. As far as Sir H. Davy has been able to observe or ai^rtain, he 
ap^rs wdl fitted for the situation. His habits seem good ; his disi^ition active 
and cheerful, and his manner intelligent. He is willing to en^ge himself on the 
same terms ns given to Mr. Payne at the time of quitting the mstitutiou. 

“JBesoleed, — ^That Michael Faraday bo engaged to fill the situation lately 
occupied by Mr. Bayne, on the same terms.” 
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but he insisted that Faraday should be appointed Director of the Laboratory, 
and, as Famday told me, this enabled him on subsequent occasions to hold a 
definite ^)oi5ition in the Institution, in which he was always supported by Davy. 
1 believe he held that office to the last. 

** Believe me, my dear Tyndall, yours truly, 

“ Dr. Tyndall.** “ J, P. Gassiot. 

From a letter written by Faraday bimself soon after his appoint- 
ment as Davy’s assistant, I extract the following account of his intro- 
duction to the Boyal Institution : — 

** Lokdok, Sept. 13<A, 1813. 

" As for myself I am absent (from home) nearly day and night except 
occasional calls, and it is likely shall shortly be absent entirely, but this 
(having nothing more to say and at the request of my mother) I will 
explain to you. I was fonnerly a bookseller and binder, but am now turned 
philosopher,* which happened thus : — ^Whilst an apprentice,!, for amusement, 
learnt a little chemistry and other parts of philosophy, and felt an eager desire 
to proceed in that way further. After being a journeyman for six months under 
a disagreeable master, I gave up my business, and through the interest of a 
Sir H. Davy, filled the situation of chemical assistant to the Royal Institution 
of Great Britain, in which office I now remain ; and where I am constantly 
employed in observing the works of nature, and tracing the manner in which 
she directs the order and arrangement of the world. I have lately had pro- 
posals made to me by Sir Humphry Davy, to accompany him in his tmvels 
through Europe and Asia as philosophical assistant If I go at all I expect 
it will be in October next — al^ut the end, and my absence from home will 
perhaps be as long as three years. But as yet all is uncertain.*’ 

This account is supplemented by the following letter, written by 
Faraday to his friend De la Hive, I on the occasion of th# death of 
Mrs. Marcet. The letter is dated 2nd Sept, 1858 : — 

** Mt de vr Frtkxd, 

“ Your subject interested me deeply every way ; for Mrs. Marcct was a 
good friend to me, as she must have been to many of the human race. I 
entered the shoj) of a bookseller and bookbinder at the age of 13, in the year 
1804, remainea there eight years, and during the chief part of the time 
bound books. Now it was m those books, in the hours after work, that I 
found the beginning of my philosophy. There were two that esi)ecially helped 
me, the ‘ Encyclopcedia Britannica,’ from which 1 gained my hist notions of 
electricity, and Mrs. Marcet’s ‘ Conversations on Chemistry,' which gave me 
my foundation in that science 

“ Do not suppose that I was a very deep thinker, or was marked a$ a pre- 
cocious person. I was a very lively, imaginative person, and could believe in 
the • Arabian Nights* as easily as in the ‘ Encyclopajdia.* But fa^s were 
important to me, and saved me. I could trust a fact, and always^ cross- 
examined an assertion. So when I questioned Mrs. Marcet’s book bw such 
little experiments as I could find means to perform, and found it trud to the 

* Faraday loved this word and employed it to the last ; he had an ^tense 
dislike to the modern term phyetcid. 

t To whom 1 am indebted for a copy of the original letter. 
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facts as I could uudorstond them, I felt that 1 had got hold of an anchor in 
chemical knowledge, and clung fast to it. Thence my deep veneration ibr Mrs. 
Marcet — first, as one who had conferred great personal good and pleasure on 
me ; and then as one able to convey the truth and principle of those boundless 
fields of knowledge which concern natural things, to the young, untaught, and 
inquiring mind. 

“ You may imagine my delight when I came to know Mrs. Marcet per- 
sonally ; how often I cast my thoughts backward, delighting to connect the 
past and the present ; how often, when sending a paper to her as a thank- 
offering, I thought of my first instructress, and such like thoughts will remain 
with me. 

“ I have some such thoughts even as regards your own father ; who was, I 
may say, the first who personally at Geneva, and aftei-wards by correspondence, 
encouraged, and by that sustained me.** 

Twelve or thirteen years ago Mr. Faraday and myself quitted the 
Institution one evening together, to pay a visit in Baker-street. He 
took my arm at the door, and, pressing it to his side in his warm 
gonial way, said, “ Come, Tyndall, I will jiow show you something 
that will interest you.” We walked northwards, passed the houso of 
Mr, Babbag^, which drew forth a reference to the famous evening 
parties once assembled there. We reached Blaudford-street, and 
after a little looking about, he paused before a stationer’s shop, 
and then went in. On entering the shop, his usual animation seemed 
doubled ; ho looked rapidly at everything it contained. To the left 
on entering was a door, through wluch he looked down into a little 
room, with a window in front facing Blandford-street. Drawing me 
towards him, he said eagerly, “ Look there, Tyndall ; that was my 
working-place. I boimd books in that little nook.” A respectable- 
looking woman stood behind the counter : his conversation with me 
was too low to be heard by her, and he now turned to the counter to 
buy some cards as an excuse for our being there. He asked the woman 
her name — her predecessor’s name — ^his predecessor’s name. “That 
won’t do,” he said, with good-humoured impatience, who was his pre- 
decessor ? ” “ Mr. Riebau,” she replied, and immediately addod, as if 

suddenly recollecting herself, “ Ho, sir, was the master of Sir Charles 
Faraday.” “ Nonsense 1” he responded, “ there is no such person.” 
Great was her delight when I told her the name of her visitor ; but 
she assured me that as soon as she saw him running about the shop, 
she felt — though she did not know why — that it must be “ Sir Charles 
Faraday.” 

Faraday did, as you know, accompany Davy to Rome ; he was 
re-engaged by the managers of tho Royal Institution on the 15 th of 
May, 1816. Here he n^e rapid progress in chemistry, and after a 
time was entrusted with easy analyses by Davy. In those days the 
Royal Institution published ‘ The Quarterly Journal of Science,’ the 
precursor of our own * Proceedings.’ Faraday’s first contribution to 
science appeared in that journal in 1816. It was an analysis of 
some caustic lime from Tuscany, which had been sent to Davy by 
the Duchess of Montrose. Between this period and 1818 various 
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notes and papers were published by Faraday. In 1818 he experi- 
mented upon ** Sounding Flames.*’ Professor Auguste De la Biyo, 
father of our present excellent Do la Rive, had inyestigated those 
soimding flames, and had applied to them an explanation which com- 
pletely account^ for a of sounds discoyered by De la Biye 
himself. By a few simple and conclusiyo experiments Faraday proyed 
that the explanation was insufficient. It is an epoch in the life of a 
young man when he flnds himself correcting a person of eminence, 
and in Faraday’s case, where its effect was to deyelop a modest self- 
trust, such an eyent could not fail to act profitably. 

fVom time to time between 1818 and 1820 Faraday published 
Bcientiflc notes and notices of minor weight. At this time he was 
acquiring, not producing ; working hard for his master and stonng 
and strengthening his own mind. He assisted Mr. Braude in his 
lectures, and so quietly, skilfully, and modestly was his work done, 
that Mr. Brando’s yocation at the time was pronounced “ lecturing on 
yelyet.” In 1820 Faraday published a chemical paper “ on two now 
compounds of chlorine and carbon, and on a new compound of iodine, 
carbon, and hydrogen.” This paper was read before the Eoyal Society 
on the 21st of Dec. 1820, and it was the first of his that was honoured 
with a place in the ‘ Philosophical Transactions.’ 

On the 12th of June, 1821, ho married, and obtained leaye to bring 
his young wife into his rooms at the Boyal Institution. There for forty- 
six years they liyed together, occupying the suite of apartments which 
had been preyiously in the successive occupancy of Young, Davy, and 
Brande. At the time of her marriage Mrs. Faraday was twenty-one 
years of age, he being nearly thirty. Regarding this marriage I will 
at present limit myself to quoting an entry written in Faia^y’s own 
hand in his book of diplomas, which caught my eye while in his 
company some years ago. It ran thus : — 

“ 25f/ir January^ 1847. 

“Amongst these records and events, I hcie iuscit the date of one which, as 
a source of honour and happiness, far exceeds all the rest. Wo were mairicd 
on the 12th of June, 1821. 

“ M. Faraday.” 

Then follows the copy of the minutes, dated 2l8t May, 1821, which 
gave him additional rooms, and thus enabled him to bring his wife 
to the Royal Institution. A feature of Faraday’s character which I 
have often noticed mokes itself apparent in this entry. In his relations 
to his wife he added chivalry to affection. 

Early Researches : Magnetic Rotations : Liquefaction of Oases : ^eavy 
Glass : Charles Anderson : Contrdmtions to Physics. j 

Oersted, in 1820, discoyered the action of a voltaic curr^t on 
a magnetic needle ; and immediately afterwards the splendid inlollect 
of Ampere succeeded in showing that every magnetic phenomenon 
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then known might be reduced to the mutual action of electric cur- 
rents* The subject occupied all men's thoughts ; and in this country 
Dr. Wollaston sought to convert the deflection of the needle by the 
current into a permanent rotation of the needle round the current. 
He also hoped to produce the reciprocal effect of causing a current to 
rotate round a magnet. In the early part of 1821 Wollaston attempted 
to realize this idea in the presence of Sir Humphry Davy in the 
laboratory of the Boyal Institution. This was well calculated to 
attract Faraday’s attention to the subject. He read much about it ; and 
in the months of July, August, and September he wrote “ a history of 
the progress of electro-magnetism,” which he published in Thomson’s 
‘ Annals of Philosophy.’ Soon afterwards he took up the subject of 
“ Magnetic Rotations,” and on the morning of Christmas day, 1821, 
he called his wife to witness for the first time the revolution of a 
magnetic needle round an electric current. Incidental to the “ historic 
sketch” he repeated almost all the experiments there referred to ; and 
these, added to his own subsequent work, made him practical master 
of all that was then kuown regarding the voltaic current. In 1821 
he also touched upon a subject which subsequently received his closer 
attention — the Vaporization of meicury at common temperatures; 
and immediately afterwards conducted, in company with Mr. Stodart, 
experiments on the alloys of steel. He was accustomed in after years 
to present to his friends razors formed from one of the alloys then 
discovered. 

During Faraday’s hours of liberty from other duties he took up 
subjects of inquiry for himself ; and in the spring of 1823, thus self- 
prompted, he began the examination of a substance which had long 
b(‘on regarded as the chemical element chlorine, in a solid form, but 
which Sir Humphry Davy, in 1810, had proved to be a hydrate of 
chlorine, that is, a compound of chlorine and water. Faraday first 
analyzed this hydrate, and wrote out an account of its composition. 
This account was looked over by Davy, who suggested the heat- 
ing of the hydrate under pressure in a sealed glass tube. This was 
done. The hydrate fused at a blood-heat, the tube became filled with 
a yellow atmosphere and was found to contain two liquid substances. 
Dr. Paris happened to enter the laboratory while Faraday was at work. 
Seeing the oily liquid in his tube ho rallied the young chemist for 
his carelessness in employing soiled vessels. On fiHng off the end 
of the tube its contents exploded and the oily matter vanished. 
Early next morning Dr. Paris received the following note : — 

“ Deab Sni, 

“ Tbe oil you noticed yesterday turns out to be liquid chlorine. 

“ Yourb faithlully, 

“M. Faraday.”* 

The gas had been liquefied by its own pressure. Faraday then tried 
compression with a syringe, and succeeded thus in liquefying the gas. 


* Paris : ‘ Life of Davy,* p, 391. 
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To the published account of this experiment Davy added the fol- 
lowing note In desiring Mr. Faraday to expose the hydrate of 
chlorine in a closed glass tube, it occurred to me that one of three 
things would happen : that it would become fluid as a hydrate ; that 
decomposition of water would occur; ... or that the chlorine 
would separate in a fluid state.*' Davy, moreover, immediately applied 
the method of self-compressing atmospheres to the liquefaction of 
muriatic gas. Faraday continued the experiments and succeeded in 
reducing a number of gases till then deemed permanent to the liquid 
condition. In 1844 he returned to the subject, and consideiubly 
expanded its limits. These important invostig'itions established the 
fact that gases are but the vapours of liquids possessing a very low 
boiling-point, and gave a sure basis to our views of molecular aggre- 
gation. The account of the first investigation was read before the 
Boyal Society on the 10th of April, 1823, and was published, in 
Faraday's name, in the * Philosophical Transactions.* The second 
memoir was sent to the Boyal Society on the 19th of December, 1844. 
I may add that while he was conducting his first experimonts on the 
liqueffu^tion of gases, thirteen pieces of gloss were on one occasion driven 
by an explosion into Faraday's eye. 

Some small notices and papers, including the observation that 
glass readily changes colour in sunlight, follow here. In 1825 and 
1826 Fara^y published papers in the ‘ Philosophical Transactions ’ 
on *^new compounds of carbon and hydrogen,” and on “sulpho- 
naphthalio acid.’* In the former of these papers he announced the 
discovery of Benzol, which, in the hands of modem chemists, has 
become the foundation of our splendid aniline dyes. But ho swerved 
incessantly from chemistry into physics; and in 1826 we find him 
engaged in investigating the limits of vaporization, and showing, by 
exceedingly strong and apparently conclusive arguments, that even 
in the case of mercury such a limit exists ; much more he conceived 
it to be certain that our atmosphere does not contain the vapour of 
the fixed constituents of the earth’s crust. This question, I may say, 
is likely to remain an open one. Mr. Eankine, for example, has lately 
drawn attention to the odour of certain metals ; whence comes this 
odour, if it be not from the vapour of the metal ? 

In 1825 Faraday became a member of a committee, to which 
Bir John Hersehel and Mr. Dollond also belonged, appointed by the 
Boyal Society to examine, and if possible improve, the manufacture 
of glass for optical purposes. Their experiments continued till 1829, 
when the account of them constituted the subject of a Bakerian Lec- 
ture.” This lectureship, founded in 1774 by Henry Baker, ^sq., of 
the Strand, London, provides that every year a lecture shall be given 
before the Boyal Society, the sum of fbur pounds being paid to the 
lecturer. The Bakerian Lecture, however, has long since pasied from 
the region of pay to that of honoui', papers of mark only being chosen 
for it by the council of the Society. Faraday’s first Bakerian Lecture, 
On the Manufacture of Glass for Optical Purposes,” was delivered 
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at the close of 1829. It is a most elaborate and conscientious de- 
scription of processes, precautions, and results : the details were so 
exact and so minute, and the paper consequently so long, that three 
Buccessive sittings of the Royal S^iety were taken up by the delivery 
of the lecture.* This glass did not turn out to be of important prac- 
tical use, but it happened afterwards to be the foundation of two of 
Faraday’s greatest disooveries.l 

The experiments here referred to, were commenced at the Falcon 
Glass Works, on the promises of Messrs. Green and Pellatt, but 
Faraday could not conveniently attend to them there. In 1827 ^ere- 
fore a furnace was erected in the yard of the Royal Institution ; and 
it was at this time, and with a view of assisting him at the furnace, 
that Faraday engaged Sergeant Anderson, of the Royal Artillery, the 
respectable, truthful, and altogether trustworthy man whose appearance 
hero is so fresh in our memories. Anderson continued to be the reve- 
rential helper of Faraday and the faithful servant of this Institution 
for nearly forty years. J 

In 1 831 Faraday published a paper “ On a peculiar class of Optical 
Deceptions,” to which I believe the beautiful optical toy call^ the 
Chromatropo its origin. In the same year he published a paj)er 
on Vibrating Surfaces, in which he solved an acoustical problem which, 
though of extreme simplicity when solved^ appears to have baffled many 
eminent men. The problem was to accoimt for the fact that light 
bodies, such as the seed of lycopodium, collected at the vibrating parts 
of sounding plates, while sand ran to the nodal lines. Faraday showed 
that the liglit bodies were entangled in the little whirlwinds formed 
in the air over the places of vibration, and through which the heavier 
sand was readily projected. Faraday’s resources as an experimentalist 
wore so woudci^ul, and his delight in ex];)erimcnt was so great, that he 


* Viz. November 19, December 3 and 10. 

t I make the following extract from a letter from Sir John Herschel, written 
to me from CoUingwood, on the 3rd of November, 18G7 : — 

“ I will take this opportunity to mention tliat I believe myself to have originated 
the suggestion of the employment of borate of lead for optical purposes. It was 
somcwlicre in the year 1822, ns well as I can rccolloot, that I mentioned it to Sir 
.lames (then Mr.) South ; and, in consequence, the trial was made in his labora- 
tory in Blackman-street, by precipitating and working a large quantity of borate 
of lend, and fusing it under a muffle in a porcelain evaix)ratiug dish. A very 
limpid ('though slightly yellow) glass resulted, the refractive index l'86(j I (which 
you will find set down iu ray table of refractive indices in my arl iclo ‘ Light,* 
‘ Kucyclopreilia Metropolitana*). It was, however, too soft for optical use as an 
object gloss. This Faraday overcame, nt least to a considerabie degree, by the 
introduction of silica." 

X Regarding Anderson, Faraday writes thus in 1845: — *• I cannot resist the 
occasion that is thus oifered to me of mentioning the name of Mr. Anderson, who 
came to mo as an assistant in the glass experiments, and has remained ever since !n 
the laboratory of tho Royal Institution. He assisted mo in all the researches into 
which I have entered since that time ; and to his care, steadiness, exactitude, and 
faitlifulnoss in the performance of all that has been committed to his charge, I am 
much indebted. — M. F." — Esrp. Jtesearrhes, vol. iii., p. 3, footnote. 
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sometimes almost ran into excess in this direction. I have heard him 
saj that this paper on vibrating surfaces was too heavily laden with 
experiments. 


Discovery of Magneto-electricity : Explanation of Arago's Magnetism 

of Rotation : Terrestrial Magneto^electric Induction : Tlte Extra 

Current, 

The work thus far referred to, though sufficient of itself to secure 
no mean scientific reputation, forms but the vestibule of Faraday’s 
achievements. He had been engaged within these walls for eighteen 
years.* During part of the time he had drunk in knowledge from 
Davy, and during the remainder he continually exercised his capacity 
for independent inquiry. In 1831 we have him at the climax of his 
intellectual strength, forty years of age, stored with knowledge and 
full of original power. Through reading, lecturing, and experiment- 
ing, he had become thoroughly familiar* with electrical science : ho 
saw where light was needed and expansion possible. The phenomena 
of ordinary electric induction belonged, as it wore, to the aliffiabot of 
his knowledge : he knew that under ordinary circumstances the pre- 
sence of an electrified body was sufficient to excite, by induction, an 
unelectrified body. He knew that the wire which carried an electric 
current was an electrified body, and still that all attempts had failed 
to make it excite in other wires a state similar to its own. 

What was the reason of this failure ? Faraday never could work 
from the experiments of others, however clearly described. He knew 
well that from every experiment issued a kind of radiation, luminous 
in different degrees to different minds, and he hardly trusted himself 
to reason upon an experiment that he had not seen. In the autumn 
of 1^1 he began to repeat the experiments with electric currents, 
which, up to thit time, hod produced no positive result. And here, for 
the sake of younger inquirers, if not for the sake of us all, it is worth 
while to dwell for a moment on a power w'hich Faraday possessed 
in an extraordinary degree. He united vast strength with perfect 
flexibility. His momentum was that of a river which combines weight 
and directness with the ability to yield to the flexures of its bed. The 
intentness of his vision in any direction did not apx)arently diminish 
his power of perception in other directions ; and when he attacked a 
subject, expecting results, he had the faculty of keeping his mind alert, 
so that results different from those which he expected should not 
escape him through pre-occupation. 

He began his experiments “ on the induction of electric < urrents” 
by composing a helix of two insulated wires, which won 1 wound 
side by side round the same wooden cylinder One of these vires he 

* He used to say that it required twenty years of work to raak^u man in 
Physical Science ; the previous period being one of infancy. 
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connected with a Yoltaio battery of ten colls, and the other with a 
sensitiye galvanometer. When connection with the battery was made, 
and while the current flowed, no effect whatever was observed at the 
galvanometer. But he never accepted an experimental result, until 
he had applied to it the utmost power at his command. He raised 
his battery from 10 cells to 120 cells, but without avail. The cur- 
rent flow^ calmly through the battery wire without producing, during 
its flow, any sensible result upon the galvanometer. 

** During its flow,” and this was the time when an effect was ex- 
pected — but here Faraday’s power of lateral vision, separating, as 
it were, from the line of expectation, came into play — he noticed that 
a feeble movement of the needle always occurred at the moment when 
he made contact with the battery ; that the needle would afterwards 
return to its former position and remain quietly there, unaffected by the 
flowing current. At the moment, however, when the circuit was in- 
terrupted the needle again moved, and in a direction opposed to that 
observed on the completion of the circuit. 

This result and others of a similar kind led him to the con- 
clusion “ that the battery current through the one wire did in reality 
induce a si5?^iiui current through the other ; but that it continued for 
an instant only, and partook more of the nature of the electric wave 
from a common Leyden jar than of the current from a voltaic battery.” 
The momentary currents thus generated were called induced currents^ 
while the current which generated them was called the inducing current. 
It was immediately proved that the current generated at making the 
circuit was always opposed in direction to its generator, while that 
developed on the rupture of the circuit coincided in direction with 
the inducing current. It appeared os if the current on its first rush 
through the primary wire sought a purchase in the secondary one, 
and, by a kind of kick, impelled backward through the latter on 
electric wave, which subsided as soon as the primary current was fully 
established. 

Faraday for a time believed that the secondary wire, though quies- 
cent when the primary current hod been once established, was not in 
its natural condition, its return to that condition being declared by 
the current observed at breaking the circuit. He called this hypo- 
thetical state of the wire the electro-tonic state: he afterwards aban- 
doned this hypothesis, but seemed to return to it in later life. The 
term electro-tonic is also preserved by Professor Du Bois Beymond 
to express a certain electric condition of the nerves, and Professor 
Clerk Maxwell has ably defined and illustrated the hypothesis in the 
tenth volume of the ‘Transactions of the Cambridge Philosophical 
Society.’ 

The mere approach of a wire forming a closed curve to a second 
wire through which a voltaic current flowed was then shown by 
Faraday to be sufficient to arouse in the neutral wire an induced 
current, opposed in direction to the inducing current ; the withdrawal 
of the wire also generated a current having the same direction as the 
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indaoing current; those currents existed only during the time of 
appi-ooch or withdrawal, and when neither the primary nor the secon- 
dary wire was in motion, no matter how close their proximity might 
be, no induced current was generated. 

Faraday has been called a purely inductive philosopher. A great 
deal of nonsense is, I fear, uttered in this land of England about 
induction and deduction. Some profess to befriend the one, some 
the otlici’, wlule the real vocation of an investigator, like Fai'aday, 
consists in the incessant mairiago of both. He was at this time full 
of the theory of Ampere, and it cannot be doubted that niunbers of 
his experiments were executed merely to test his deductions from that 
theory. Starting from the discovery of Oersted, the celebrated French 
philosopher had shown that all the phenomena of magnetism then 
known might bo reduced to the mutual attractions and repulsions 
of electric cuiTents. Magnetism hod been produced from electricity, 
and Faraday, who all his life long entertained a strong belief in such 
reciprocal actions, now attempted to effect the evolution of elec- 
tricity from magnetism. Round a welded iron ring he placed two 
distinct coils of covered wire, causing the coils to occupy opposite 
halves of the ring. Connecting the ends of one of the coils with 
a galvanometer, he found that the moment the ring was magnetized 
by sending a current through the other coil^ the galvanometer ncetUe 
whirled round four or five times in succession, the action, as before, 
was that of a pulse which vanished immediately. On interrupting 
the circuit, a whirl of the needle in the opposite direction occiuTed. 
It was only during the time of magnetization or demagnetization that 
these effects were produced. The induced currents declared a change 
of condition only, and they vanished the moment the act of magne- 
tization or demagnetization was complete. 

The effects obtained \yith the welded ring wore also obtained with 
straight bars of iron. Whether the bars were magnetized by the 
electric current, or were excited by the contact of permanent steel 
magnets, induced cuirents wci;e always generated duiiug the rise and 
during the subsidence of the magnetism. The use of iron was then 
abandoned, and the same effects obtained by merely thrusting a per- 
manent steel magnet into a coil of wire. A rush of electricity through 
the coil accompanied the insertion of the magnet ; an e<pial rush in the 
opposite direction accompanied its withdrawal. The precision with 
which Faraday describes these results, and the completeness with which 
he defines the boundaiios of his facts, are wonderful. The magnet, 
for example, must not bo passed quite through the coil, but only half 
through, for if passed wholly through, the needle is stopped as by a 
blow, and then ho shows how this blow results from a reversal of the 
electric wave in the helix. Ho next operated with the powerful p^ma- 
nent magnet of the Royal Society, and obtained with it, in an exidtod 
degree, all the foregoing phenomena. 

And now ho turned the light of these discoveries upon the darkest 
physical phenomenon of that day. Arago had discovered in 1824, 
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that a disk of non-toagnetic metal had the power of bringing a 
vibrating magnetic needle suspended over it rapidly to rest ; and 
that on causing the disk to rotato the magnetic needle rotated along 
with it. When both were quiescent, there was not the slightest 
measurable attraction or repulsion exerted between the needle and 
the disk ; still when in motion the disk was competent to drag after it 
not only a light needle but a heavy magnet. The question had been 
probed and investigated with admirable skill by both Arago and 
Ampere, and Poisson had published a theoretic memoir on the subject; 
but no cause could be assigned for so extraordinary an action. It had 
also been examined in this country by two celebrated men, Mr. Bab- 
bage and Sir John Herschcl; but it still remained a mystery. Faraday 
always recommended the suspension of judgment in cases of doubt. “ I 
have always admired,” ho says, “ the prudence and philosophical reserve 
shown by M. Arago in resisting the temptation to give a theory of the 
effect he had discovered, so long as he could not devise one which was 
perfect in its application, and in refusing to assent to the im perfect 
theories of others.” Now, however, the time for theory had come. 
Faraday saw mentally the rotating disk under tho operation of the 
magnet flooded *i-ith his induced currents ; and from tho known laws 
of interaction between currents and magnets he hoped to deduce tho 
motion observed by Arago. That hope he realized, showing by actual 
experiment that when his disk rotated currents passed through it, 
their position and direction being such as must, in accordance with 
the established laws of electro-magnetic action, produce tho observed 
rotation. 

Introducing the edge of his disk between tho poles of the largo 
horseshoe magnet of the Koyal Society, and connecting tho axis and 
the edge of the disk, each by a wire with a galvanometer, ho ob- 
tained when tho disk was turned round a constant flow of electricity. 
The direction of the current was determined by tho direction of 
the motion, tho current being reversed w'hen the rotation was reversed. 
He now states the law which rules tho production of currents in 
both disks and wires, and in so doing uses for the first time a phrase 
which has since become famous. When iron filings are scattered 
over a magnet, the particles of iron arrange themselves in certain 
determinate lines called magnetic curves. In 1831, Faraday for tho 
first time called these curves “lines of magnetic force;” and he 
showed that to produce induced currents neither approach to nor 
withdrawal from a magnetic source, or centre, or pole, was essential, 
but that it was only necessary to cut appropriately the lines of 
magnetic force. Faraday’s first paper on magneto-electric induction, 
which I have here endeavoured to condense, was read before tho Boyal 
Society on tho 24th of November, 1831. 

On the 12th of January, 1832, he communicated to the Eoyal 
Society a second paper on Terrestrial Magneto-electric Induction, 
which was chosen as the Bakerian Lecture for the year. He placed a 
bar of iron in a coil of wire, and lifting the bar into the direction of tho 
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dipping needle, he excited by this action a current in the coil. On 
reversing the bar, a current in the opposite direction rushed through 
the wire. The same effect was produced, when, on holding the helix 
in the lino of dip, a bar of iron was thrust into it. Here, however, 
the earth acted on the coil through the intermediation of the bar of 
iron. He abandoned the bar and simply set a copper-plate spinning 
in a horizontal plane ; he knew that the earth’s lines of magnetic force 
then crossed the plate at an angle of about 70^. When the plate spun 
round, the lines of force were intersected and induced currents gene- 
rated, which produced their proper effect when carried from the 
plate to the galvanometer. “ When the plate was in the magnetic 
meridian, or iu any other plane coinciding with the magnetic dip, then 
its rotation produced no effect upon the galvanometer.” 

At the suggestion of a mind fruitful in suggestions of a profound 
and philosophic character — I mean that of Sir John Herschel — Mr. 
Barlow, of Woolwich, hod experimented with a rotating iron shell. 
Mr. Christie had also performed an elaborate series of experiments on 
a rotating iron disk. Both of them had found tliat when in rotation 
the body exercised a peculiar action upon the magnetic needle, deflecting 
it in a manner which was not observed during quiescence ; but neither 
of them was aware at the time of the agent which produced this extra- 
ordinary deflection. They ascribed it to some change in the magnetism 
of the iron shell and disk. 

But Faraday at once saw that his induced currents must come into 
play here, and he immediately obtained them from an iron disk. With 
a hollow brass ball, moreover, he produced the cflects obtained by 
Mr. Barlow. Iron was in no way necessary : the only condition of 
success was that the rotating body should be of a character to admit 
of the formation of currents in its substance : it must, in other words, 
be a conductor of electricity. The higher the conducting power, the 
more copious were the ourrents. He now passes from his little bra«?s 
globe t& the globe of the earth. He plays like a magician witli tlio 
earth’s magnetism. He secs the invisible lines along which its mag- 
netic action is exerted, and sweeping his wand across these linos ho 
evokes this new power. Placing a simple loop of wire round a mag- 
netic needle ho bonds its upper portion to the west : the north polo of 
the needle immediately swerves to the east : ho bends his loop to the 
east, and the north pole moves to the west. Suspending a common 
bar magnet in a vertical position, he causes it to spin round its own 
axis. Its pole being connected with one end of a galvanometer wire, 
and its equator with the other end, electricity rushes round the galva- 
nometer from the rotating magnet. Ho remarks upon the “ singular 
independence" of the magnetism and the body of the magnet which 
carries it. The steel behaves as if it were isolated from i|s own 
magnetism. 

And then his thoughts suddenly widen, and ho asks himself \^ether 
the rotating earth does not generate induced currents as it turn^ round 
its axis from west to east. In his experiment with the twirling 
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maguot tho galvanometer wire remained at rest ; one portion of tho 
circuit was in motion relatively to another portion. But in the case 
of the twirling planet tho galvanometer wire would necessarily be 
carried along with tho earth; there would be no relative motion. 
What must be the consequence? Take tho case of a telegraph wire 
with its two terminal plates dipped into tho earth, and suppose the 
wire to lie in the magnetic meridian. The gi-ound underneath the wire 
is influenced like tho wire itself by tho earth’s rotation ; if a current 
from south to north bo generated in the wire, a similar current from 
south to north would be generated in the earth under the wire ; these 
currents would run against tho same terminal plate, and thus neu- 
tralize each other. 

This inference appears inevi table, but his profound vision per- 
ceived its possible invalidity. He saw that it was at least possible that 
the difference of conducting power between the earth and the wire 
might give one an advantage over the other, and that thus a residual 
or differential current might be obtained. He combined wires of 
different materials, and caused them to act in opposition to each other : 
but fountl the cx)mbination ineffectual. The more copious flow 
in the better conductor was exactly counterbalanced by the resist- 
ance of the Still though experiment was thus emphatic he 

would clear his mind of all discomfort by operating on the earth 
itself. He went to tho round lake near Kensington Palace, and 
stretched 480 feet of copper wire, north and south, over tho lake, 
causing plates soldered to the wiro at its ends to dip into the water. 
The copper ^vire was severed at tho middle, and the severed ends con- 
nected with a galvanometer. No effect whatever was observed. But 
though quiescent water gave no effect, moving water might. He there- 
fore worked at London Bridge for three days during tho ebb and flow 
of tho tide, but without any satisfactory result. Still he urges, 
“ Theoretically it seems a necessary consequence, that whore water 
is flowing there electric currents should bo formed. If a line bo 
imagined passing from Dover to Calais through the sea, and rctaming 
through the land, beneath the water, to Dover, it traces out a circuit 
of conducting matter one part of which, when the water moves up or 
down tho channel, is cutting the magnetic curves of the earth, whilst 
the other is relatively at rest. . . . There is every reason to 

believe that currents do run in tho general direction of tho circuit de- 
scribed, either one way or the other, according as the passage of the 
waters is up or down the Channel.” This was written before the 
submarine cable was thought of, and he once informed me that actual 
observation upon that cable had been found to be in accordance with 
his theoretic deduction.* 


♦ I am indebted to a friend for the following exquisite morsel A short time 
after the publication of Faraday’s first researches in magneto-electricity, he attended 
the meeting of the British Ass^iation at Oxford, in 1832 -On this occasion he was 
requested by some of the authorities to repeat the celebrated experiment of eliciting 
a spark from a mngnet, employing for this purpose the large magnet in the 
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Throe years subsequent to the publication of these researches, that 
is to say on the 29th of January, 1835, Faraday read before the Eoyal 
Society a paper “ On the influence by induction of an electric current 
upon itself/* A shock and spark of a peculiar character had been 
observed by a young man named William Jonkin, who must have 
been a youth of some scientific promise, but who, as Faraday once in- 
formed me, was dissuaded by his own father from having Anything to 
do with science. The investigation of the fact noticed by Mr. Jonkin 
led Faraday to the discovery of the extra current^ or tlie current 
induced in the yrimar^ icire itself the moments of making and break- 
ing contact, the phenomena of which he described and illubtrated in 
the beautiful and cxliaustive paper referred to. 

Seven and thirty years have passed since tho discovery of magneto- 
electricity; but, if we except the extra current^ until quite recently 
notliing of moment was added to tho subject. Faraday entertained 
tho opinion that the discoverer of a great law or principle had a 
right to the “ spoils” — this w as his term — arising from its illustra- 
tion; and guided by the princix>le he had discovered, his wonderful 
mind, aided by. his wonderful ten fingers, overran in a single autumn 
this vast domain, and hardly left behind him the shred of a fact to 
bo gathered by his successors. 

And hero the question may arise in some minds, What is tho uso 
of it all ? Tho answer is, that if man’s intellectual nature thirsts for 
knowledge, then knowledge is useful bceauso it satisfies this thirst. 
If you demand practical ends, you must, T think, exi)and your defini- 
tion of tho term x)ractical, and make it include all that elevates and 
enlightens tho intellect, ^.s well as all that minibters to tho bodily 
health and comfoil; of men. Still, if needed, an answer of another 
kind might be given to the question, “What is its use?” As far as 
electricity has been applied for medical purposes it has been almost 
exclusively Faraday’s electricity. You have noticed those lines of 
wire which cross the streets of .London. It is Faraday’s currents that 
speed from place to idacc through these wires. Approaching the point 
of Dungencss the mariner sees an unusually brilliant light, and from 


Ashmolean Muatura. To this he cousonlccl, and a large parly assembled to witness 
tho experiments, which, I need not say, were perfectly successful. Whilst he was 
repeating them a dignitary of the university entered the room, mid addressing hini- 
Belf to Professor Daniell, who was standing near Faraday, inquired wliat was going on. 
The Professor explained to him as popularly as possible this sti iking result of Fara- 
day’s great discovery. The Dean listened with attention and looked earnestly at tho 
brilliant spark, but a moment after he assumed a serious couutcnance and shook 
his head ; ‘ I am sorry for it,’ said he os ho walked away ; in the middle of tho 
room he stopped for a moment and repeated, * I am sorry fiir it ; * then walking 
towards tlie door, when the handle was in his hand he turned round and said, • Indeed 
I am sorry for it ; it is putting new arms into the hands of tho incendiary;’ This 
oocuired a short time After the papers had been filled with the doings of ilio hay- 
rick burners. An erroneous statement of what fell from the Dean’s month was 
priotofl at the time in one of the Oxford papers. Ho is there wrongly stated to 
have aaid, ‘ It is putting new arms into the bauds of the infidel.’ ” 
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the noble phares of La H^ve tho same light flashes across the sea. 
These are Faraday’s sparks exalted by suitable machinery to sunliko 
splendour. At the present moment the Board of Tr^e and the 
Brethren of the Trinity House, as well as the Commissioners of 
Northern Lights, are contemplating the introduction of the magneto- 
electric light at numerous points upon oiu* coasts ; and future genera- 
tions will be able to refer to those guiding stars in answer to the 
question, What has b(‘on the practical use of tho labours of Faraday ? 
But I would again emphatically say that his work needs no such justi- 
fication, and that if he liad allowed his vision to be distimbed by 
considerations regarding tho practical use of his discoveries, those 
discoveries would never have been made by him. “ I have rather,” 
he writes in 1831, “been desirous of discovering now facts and new 
relations dependent on magneto-electric induction, than of exalting 
the force of those ab'oady obtained ; being assured that the latter 
would find their full development hereafter.” 

In 1817, when lecturing before a private society in London on 
the element chlorine, Faraday thus expresses himself with reference 
to this question of utility : — “ Before leaving this subject, I will point 
out the history of this substance, as an answer to those -who are in tho 
habit of saylug i«i %‘very new fact, ‘What is its use''^’ Dr. Franklin 
says to such, ‘ What is tho use of an infant V ’ The answer of the 
experimentalist is, ‘Endeavour to make it useful.’ When Sqheele 
discovered this substance it appeared to have no use ; it was in its 
infancy and useless state, but having grown up to maturity, w'itness 
its powers, and see what endeavours to make it useful have done.” 

Points of Character, 

A point highly illustrative of the character of Famday now comes 
into view. Ho gave an account of his discovery of magiicto-electricity 
in a letter to his friend M. Hachette, of Paris, who communicated the 
letter to tho Academy of Sciences. The letter was translatt d and 
published; and immediately afterwards two distinguished Italian 
philosophers took up tho subject, made numerous experiments, and 
published their results before the complete memoirs of Famday had 
met the public eye. This evidently irritated liim. Ho reprinted 
the paper of the learned Italians in the ‘Philosophical ]!l^agazino,’ ac- 
companied by sharp critical notes from himself. Ho also wrote a 
letter dated Dec. 1st, 1832, to Gay Lussac, who was then one of the 
editors of the ‘ Annalcs de Chimie,* in which he analyzed the results of 
the Italian philosophers, pointing out their errors, and defending himself 
from what he regarded as imputations on his character. The style of 
this letter is unexceptionable, for Faraday could not write otherwise 
than as a gentleman ; but tho letter shows that had he willed it he 
could have hit hard. We have heard much of Faraday’s gentleness 
and sweetness and tenderness. It is all true, but it is very incomplete. 
You cannot resolve a powerful nature into these elements, and Faraday’s 
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character would have been less admirable than it was had it not em- 
braced forces and tendencies to which the silky adjectives “ gentle ” 
and “ tender ” would by no means apply. Underneath his sweetness 
and gentleness was the heat of a volcano. He was a man of excitable 
and fiery nature ; but through high self-discipline he had converted the 
fire into a central glow and motive power of life, instead of permitting 
it to waste itself in useless passion. “ He that is slow to anger,” saith 
the sage, “ is greater than the mighty, and ho that ruloth his own spirit 
than he that taketh a city.” Faraday was noi slow to anger, but he 
completely ruled his own spirit, and thus, though he took no cities, he 
captivated all hearts. 

As already intimated, Faraday had contributed many of his minor 
papers — ^includmg his first analysis of caustic lime — to the ‘ Quarterly 
Journal of Science.’ In 1832 he collected those papers and others 
together in a small octavo volume, labelled them, and prefaced them 
thus 

PAPERS, NOTES, NOTICES, &o., &c., 
published in octavo, 
up to 1832. 

M. Faraday.” 

** Papers of mine, published in octavo, in the Quarterly Journal of Science^ 
and elbcwliero, since the time that Sir H. Davy encouraged me to write the 
analysis of caustic lime. 

“Some, I think, (at this date) are good; others model ate; and some bad. 
But I have put all into the volume, because of the utility they have been of 
to me, — and none more than the bad, — in pointing out to me m futuie, or 
rather, after times, the faults it became me to watch and to avoul. 

“As I never looked over one of my papers a year alter it A\as written, 
without believing both in philosophy and manner it could have been much 
better done, I still hope the collection may be of great use to me. 

18, 1832 “M. Faraday. 

“ None more than the bad I ” This is a bit of Faraday’s inner- 
most nature ; and as I read these words, I am almost constrained to 
retract what I have said regarding the fire and excitability of his 
character. But is he not all the more admirable, through his ability 
to tone down and subdue that fire and that excitability, so as to render 
himself able to write thus as a little child ? I once took the liberty of 
censuring the conclusion of a letter of his to the Dean of St. Paul’s. 
He subscribed himself “ humbly yours,” and I objected to the adverb. 
“ Well, but, Tyndall,” he said, “ I am humble ; and still it would be 
a groat mistake to think that I am not also proud.” This duality ran 
through his character. A democrat in his defiance of all authority 
which unfairly limited his freedom of thought, and stiU ready to 
stoop in reverence to all that was really worthy of reverence, )n the 
customs of the world or the characters of men. 

And here, as well as elsewhere, may be introduced a letter which 
bears upon this question of seK-control, written long years subsequent 
to the period at which wo have now arrived. I had been at Glasgow 
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in 1855, at a meeting of the British Association. On a certain day, 
1 communicated a paper to the physical section, which was followed 
by a brisk discussion. Mon of great distinction took part in it, the 
late Dr. Whevvell among the number, and it waxod warm on both 
sides. 1 was by no means content with this discussion ; and least 
of all with my own part in it. This discontent affected me for some 
days, during which I wrote to Faraday, giving him no details, but 
expressing in a general way my dissatisfaction. I give the following 
extract from his reply : — 

“ Sydenham, Uh Oct,, 1855. 

** My dear Tyndall, 

“ These great meetings, of which I think very well altogether, advance 
science chiefly by bringing scientific men together, and making them to know 
and be friends with each other ; and T am sony when that is not the effect 
in every part of their course. I know nothing except from what you tell me, 
for I have not yet looked at the reports of the proceedings ; but let me, as 
an old man, who ought by this time to have profited by experience, say 
that when I was younger, I found I often misinterpreted the intentions of 
people, and found they did not mean what at the time I supposed they meant ; 
and, further, that as a general rule, it was better to be a little dull of appre- 
hensiou, where phrases seemed to imply pique, and quick in perception, when 
on the contrary they seemed to imply kindly feeling. The real truth never 
fails ultimately to appear : and opposing parties if wrong are sooner convinced 
when replied to forbearingly, tlian when overwhelmed. All I mean to say is, 
that it IS better to be blind to the results of jiartisanship, and quick to see 
good will. One has more ha])piness m oneself, m endeavouring to follow the 
things tliat make for peaw^ You can hardly imagine how often I have been 
heated in private when opjiosed, as I have thought unjustly and suiierciliously, 
and yet I have striven, and biicceeded I hope, in keeping down replies of the 
like kind. And I know 1 have never lost by it. 1 would not say all this to 
you did I not esteem you as a true philosopher and friend.* 

“ Yours, very truly, 

“ M. Faraday.” 


Identity of Electricities : First Besearches an Electro-Chemistry, 

I have already oiico used the word “ discomfort ” in reference to 
the occasional state of Faraday's mind when experimenting. It was 
to him a discomfort to reason upon data which admitted of doubt. 
He hated what he called “doubtful knowledge,” and ever tended 
either to transfer it into the region of undoubtful knowledge, or of 
certain and definite ignorance. Pretence of all kinds, whether in life 
or in philosophy, was hateful to him. He wished to know the reality 
of our nescience as well os of our science. “Be one thing or the 
other,” ho scorned to say to an improved hypothesis ; “ come out as a 


* Faraday would have been rt'joiccd to learn that, during its last meeting at 
Dundee, the British Association illustrated in a striking manner the function 
which he here describes as its principal one. In my ov^n case, a brotherly welcome 
was everywhere manifested. In fact, the difforoncea i>f really honourable and 
sane men are never beyond healing. 
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solid trntli, or disappear as a convicted lie.” After making the great 
discovery which I have attempted to describe, a doubt seemed to beset 
him as regards the identity of electricities. Is it right,” he seemed 
to ask, “ to call tliis agency which I have discovered electricity at all? 
Are there perfectly conclusive grounds for believing that the elec- 
tricity of the machine, the pile, Qie gymnotus and torpedo, magneto- 
electricity and thermo-electricity, are merely different manifestations 
of one and the same agent?” To answer this question to his own 
satisfaction, ho formally reviewed the knowledge of that day. He 
added to it new experiments of his own, and finally decided in favour 
of the “ Identity of Electricities.” His paper upon this subject was 
read before the Eoyal Society on the 10th and 17th of January, 1833. 

After ho had proved to his own satisfaction the identity of electri- 
cities, he tried to compare them quantitatively together. The terms 
quantity and intensity, which Far^ay constantly used, need a word of 
explanation here. He might charge a single Leyden jar by twenty 
turns of his machine, or he might charge a battery of ten jars by the 
same number of turns. The quantity in both cases would be sensibly 
the same, but the intensity of the single jar would be the greatest, for 
here the electricity would be less diffused. Faraday first satisfied 
himself that the needle of his galvanometer was caused to swing 
through the same arc by the same quantity of machine electricity, 
whether it was condensed in a small battery or diffused over a largo 
one. Thus the electricity developed by thirty turns of his machine 
produced, under very variable conditions of battery surface, the same 
deflection. Hence he inferred the possibility of comparing, as regards 
quantity, electricities which differ greatly from each other in intensity. 

His object now is to compare frictional with voltaic electricity. 
Moistening bibulous paper with the iodide of potassium — aTavourite 
test of his — and subjecting it to the action of machine electricity, 
he decomposed the iodide, and formed a brown spot whore the iodine 
is liberated. Then he immersed two wires, one of zinc, the other 
of platinum, each i*sth of on inch in diameter, to a depth of |ths of an 
inch in acidulated water during eight beats of his watch, or ift^ths of a 
second ; and found that the needle of his galvanometer swung through 
the same arc, and coloured his moistened paper to the same extent, 
as thirty turns of his large electrical machine. Twenty-eight turns of 
the machine produced an effect distinctly less than that produced by 
his two wires. Now, the quantity of water decomposed by the wires 
in this experiment totally eluded observation ; it was immeasurably 
small ; and still that amount of decomposition involved the develop- 
ment of a quantity of electric force which, if applied in a proper form, 
would kill a rat, and no man would like to bear it. 

In his subsequent researches “on the absolute quantity of elec- 
tricity associated with the particles or atoms of matter,” ho endeotvours 
to give an idea of the amoimt of electrical force involved iJi the 
decomposition of a single grain of water. He is almost afrted to 
mention it, for he estimates it at 800,000 discharges of his large 
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Leyden battery. This, if concentrated in a single discharge, would 
be equal to a very great flash of lightning ; while the chemical action 
of a single grain of water on four grains of zinc would yield elec- 
tricity equal in quantity to a powerful thunderstorm. Thus his mind 
rises from the minute to the vast, expanding involuntarily from the 
smallest laboratory fact till it embraces the largest and grandest 
natuml phenomena.* 

. In reality, however, ho is at this time only clearing his way, and 
he continues laboriously to clear it for some time afterwards. He 
is digging the shaft, guided by that instinct towards the mineral lode 
which was to him a rod of divination. “ Er riecht die Walirheit*' said 
the lamented Kohlrausch, an eminent German, once in my hearing : — 
“ Ho smells tho truth.” His eyes are now steadily fixed on this 
wonderful voltaic current, and he must learn more of its mode of 
transmission. 

On tho 23rd of May, 1833, he road a paper before tho Royal Society 
“ On a now Law of Electric Conduction.” He found that though the 
current passed through water, it did not pass through ice : — why not, 
since they arc one and the same substance ? Some years subsequently 
he answered this question by saying that the liquid condition enables 
the moloculo of* water to turn round so as to place itself in the proper 
lino of polarization, while the rigidity of tho solid condition prevents 
this arrangement. This polar aiTangement must precede decomposi- 
tion, and decomposition is an accompaniment of conduction. He then 
passed on to other substances ; to oxides and chlorides, and iodides 
and salts, and sulphurets, and found them all insulators when solid, and 
conductors when fused. In all cases, moreover, except one — and this 
exception ho thought might be apparent only — ho found the passage 
of the current across the fused compound to be accompanied by its de- 
composition. Is then the act of decomposition essential to the act of 
conduction in these bodies ? Even recently this question was warmly 
contested. Faraday was very cautious latterly in expressing himself 
upon this subject ; but as a matter of fact ho held that an in£iitosimal 
quantity of electricity might pass through a compound liquid without 
producing its decomposition. Do la Rive, who has been a great worker 
on the chemical phenomena of the pile, is very emphatic on the other 
side. Experiment, according to him and others, establishes in the 
most conclusive manner that no trace of electricity can pass tlirough a 
liquid compound without producing its equivalent decomposition.f 


• Buff finds the quantity of electricity associated with one milligramme of 
hydrogen in water, to be equal <0 45,480 charges of a Leyden jar, witli a height 
of 480 millimetres, and a diameter of 160 millimetres. Weber and Kohlrausch 
have calculated tliat if the quantity of electricity associated with oue milligramme 
of hydrogen in water, wore diffused over a cloud at a height of 1000 metres above 
the eartli, it would exert upon an equal quantity of the opposite electricity at the 
earth’s surface on attractive force of 2,268,000 kilogrami.^^s . — MectrolytUche Maas- 
heitimmungen, 1866, p. 262. 

t ‘ Faraday, sa Vie et see Travaux,* p. 20. 
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Faraday has now got fairly entangled amid the chemical phenomena 
of the pile, and here his previous training under Davy must have been 
of the most important service to him. Why, he asks, should decompo- 
sition thus take place? what force is it that wrenches the locked 
constituent of these compounds asunder? On the 20th of June, 1883, 
he read a paper before die Royal Society “ On Electro-Chemical De- 
composition,” in which he seelm to answer these questions. The notion 
had been entertained that the poles, as they are called, of the decom- 
posing cell, or in other words the surfaces by which the current enters 
and quits the liquid, exercised electric attractions upon the consti- 
tuents of the liquid and tore them asunder. Faraday combats this notion 
with extreme vigour. Litmus reveals, as yon know, the action of an 
acid by turning red, turmeric reveals the action of an alkali by turning 
brown. Sulphate of soda, you know, is a salt compounded of the alkali 
soda and sulphuric acid. The voltaic current passing through a so- 
lution of this salt so decomposes it, that sulphuric acid appears at one 
pole of the decomposing cell and alkali at the other. Faraday steeped 
a piece of litmus paper and a piece of turmeric paper in a solution of 
sulphate of soda: placing each of them upon a separate plate of glass, 
he connected them together by means of a string moistened with the 
same solution. He then attached one of them to the positive con- 
ductor of an electric machine, and the other to the gas-pipes of 
this building. These he called his discharging train.” On turn- 
ing the machine the electricity passed from paper to paper through 
the string, which might be varied in length from a few inches to 
seventy feet without changing the result. The first paper was 
reddened, declaring the presence of sulphuric acid; the second was 
browned, declaring the presence of the alkali soda. The dissolved 
salt, therefore, arranged in this fashion, was decomposed by the ma- 
chine exactly as it woqld have been by the voltaic current. When 
instead of using the positive conductor he used the negative ; the posi- 
tions of the acid and alkali were reversed. Thus he satisfied himself 
that chemical decomposition by the machine is obedient to the laws 
which rule decomposition by the pile. 

And now he g^ually abolishes those so-called poles to the attrac- 
tion of which electric decomposition had been ascribed. He connected 
a piece of turmeric paper moistened with the sulphate of soda with the 
positive conductor of his machine ; then he placed a metallic point in 
connection with his discharging train opposite the moist paper, so that 
the electricity shall discharge through the air towards the point. The 
turning of the machine caused the comers of the piece of turmeric 
paper opposite to the point to turn brown, thus declaring the pr^ence 
of alkali. He chang^ the turmeric for litmus paper, and plaf ed it, 
not in connection with his conductor, but with his discharging | train, 
a metallic point cdfinected with the conductor being fixed at a Itouple 
of inches f^m the paper ; on turning the machine, acid was liberated 
at the edges and comers of the litmus. He then placed a se^es of 
pointed pieces of paper, each separate piece being composed of two 
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halves, one of litmus and the other of turmeric paper, and all mois- 
tened with sulphate of soda, in the line of the current from the 
machine. The pieces of paper were separated from each other by 
spaces of air. The machine was turned ; and it was always found that 
at tho point where the electricity entered the paper, litmus was red- 
dened, and at the point where it quitted the paj)or, turmeric was 
browned. “ Here,** ho urges, “ the polos are entirely abandoned, but 
wo have still electro-chemical decomposition.** It is evident to him that 
instead of being attracted by tho poles, the bodies separated are 
ejected by tho current. The eflfects thus obtained with poles of air 
he also succeeded in obtaining with poles of water. Tho advance in 
raraday*8 own ideas made at tliis time is indicated by tho word 
“ejected.** Ho afterwards reiterates this view : the evolved sub- 
stances are expelled from tho decomposing body and “ iiot drawn out hy 
an attraction** 

Having abolished this idea of polar attraction, he proceeds to enun- 
ciate and develop a theory of his own. He refers to Davy’s celebrated 
Bakerian Lecture ^ven in 1806, which he says “is almost entirely oc- 
cupied in the consideration of electro-chemical decompositions.** Tho 
facts recorded in that lecture Faraday regards as of the utmost value. 
But “ the inode of action by which tho effects take place is stated very 
generally ; so generally indeed, that probably a dozen precise schemes 
of electro-chemical action might bo drawn up, differing essentially from 
each other, yet all agreeing with the statement there given.’* 

It appears to me that these w’ords might with justice bo applied 
to Faraday’s own researches at this time. They furnish us with results 
of permanent value ; but little help can be foimd in the theory advanced 
to account for them. It would, perhaps, be more correct to say that the 
theory itself is hardly presentable in any tangible form to the intellect. 
Faraday looks, and rightly looks, into tho heart of the decomposing 
body itself : ho sees, and rightly sees, active within it the forces which 
produce the decomposition, and he rejects, and rightly rejects, the 
notion of external attraction ; but beyond the hypothesis of decomposi- 
tions and recompositions, enunciated and developed byGrothuss and 
Davy, he does not, I think, help us to any definite conception as to 
how the force roaches the decomposing mass and acts within it. Nor, 
indeed, can this be done, imtil we faiow the true physical process 
which underlies what we call an electric current. 

Faraday conceives of that current as “ an axis of power having con-- 
trary forces exactly equal in amount in opposite directions;** but this 
definition, though much quoted and circulated, teaches us nothing 
regarding the current. An “ axis ” hero can only mean a direction ; 
and what we want to be able to conceive of is, not the axis along which 
the power acts, but tho nature and mode of action of the power itself. 
He objects to the vagueness of De la Kive ; but the fact is that bot£ 
ho and De la Rive labour under the same difliculty. Neither wishes 
to commit himself to the notion of a current compounded of two elec- 
tricities flowing in two opposite directions; but the time had not 
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como, nor is it yot come, for the displacement of this provisional 
fiction by the true mechanical conception. Still, however indistinct 
the theoretic notions of Faraday at this time may be, the facts which 
are rising before him and around him are leading liim gradually, but 
surely, to results of incalculable importance in relation to the philo- 
sophy of the voltaic pile. 


Ho had always some great object of research in view, but in the 
pursuit of it he frequently alighted on facts of collateral interest, to 
examine which he sometimes turned aside from his direct course. 
Thus we find the series of liis researches on clcctro-cliemical decom- 
position interrupted by an inquiry into “ the power of metals and other 
solids, to induce the combination of gaseous bodies.” This inquiry, 
which was received by the Royal Society on tlie 30th of November, 
1833, though not so important as those which precede and follow 
it, illustmtes throughout his strength as an cxj)oriincntor. Tho 
power of spongy platinum to cause the combination of oxygen and 
hydrogen had been discovered by Doberciner in 1823, and had been 
applied by him in tho construction of his well-known philosoidiio 
lamp. It was 6ho^vn subsequently by Duloiig and Theuard that even 
a platinum wire, when perfectly cleansed, may be raised to incan* 
descenco by its action on a jet of cold hydrogen. 

In his experiments on the deconq^osition of water, Faraday found that 
the positive platinum plate of tho decomposing ceD ])os8essed in an ex- 
traordinary degree tho power of causing oxygen and hydrogen to com- 
bine. He traced the cause of this to tho peifect cleanness c»f the positive 
plate. Against it was liberated oxygen, which with the power^l affinity 
of the “ nascent state,” bW’e])t away all impurity from the smfaco against 
which it w'as liberated. The bubbles of gas liberated on one of tho 
platinum plates or wires of a decomposing cell are always much 
smaller, and they rise in much more rapid succession than those from 
the other. Knomng that oxygen is sixteen times heavier than hydrogen, 
1 have more than once concluded, and, I fear, led others into the error 
of concluding, that tho smaller and more quickly rising bubbles must 
belong to tho lighter gas. The thing appeared so obvious that I 
did not give myself the trouble of looking at tho battery, which 
would at once have told me tho nature of the gas. But Faraday 
would never have been satisfied with a deduction if lie could have 
reduced it to a fact. And he has taught mo that the fact hero is 
the direct reverse of what I 6 up|) 08 cd it to bo. The small bubbles 
are oxygen, and their smallness is due to tho perfect cleanness of tho 
surface on which they arc liberated, Tho hydrogen adhering to tho 
other electrode swells into large bubbles, which rise in much slower 
succession ; but when tho current is reversed the hydrogen is libe- 
rated upon tho cleansed wire, and then its bubbles also become small. 
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Laws of Electro-Chemical Decomposition, 

In our conceptions and reasonings regarding the forces of nature, 
we perpetually make use of symbols which, when they possess a high 
representative value we dignify with the name of theories. Thus 
prompted by certain analogies wo ascribe electrical phenomena to the 
action of a peculiar fluid, sometimes flowing, sometimes at rest. Such 
conceptions have their advantages and their disadvantages ; they afford 
pe'acoful lodging to the intellect for a time, but they also circumscribe 
it, and by and by, when the mind has grown too largo for its lodging, 
it often finds difficulty in breaking down the walls of what has become 
its prison instead of its home.* 

No man ever felt this tyranny of symbols more deeply than 
Faraday, and no man was ever more assiduous than ho to liberate 
himself from them and the terms which suggested them. Calling Dr. 
Whewell to his aid in 1833, he endeavoured to displace by others all 
terms tainted by a foregone conclusion. His paper on Electro-chemical 
decomposition, received by the Royal Society on the 9th of January, 
1834, opens with the proposal of a new terminology. He would avoid 
the w’ord “ current ” if ho could f Ho does abandon the word ‘‘poles 
as applied to the ends of a decomposing coll, because it suggests 
the idea of attraction, substituting for it the perfectly neutral term 
electrodes. He applied the term eketroh/te to every substance which 
can bo decomposed by the current, and the act of decomi>osition ho 
calls electrolysis. All these terms have become current in science. 
Ho called tho positive electrode the Anode, and the negative one the 
Cathode, but those terms, though frequently used, have not enjoyed 
tho same currency as the others. The terms Anion and Cation, 
which he applied to tho constituents of the decomposed electrolyte, 
and the term ion, which included both anions and cations, are still 
less frequently employed. 

Faraday now passes from terminology to research ; ho sees tho 
necessity of quantitative determinations, and seeks to supply him- 
self with a measure of voltaic electricity. This he finds in the 
quantity of water decomposed by the current. He tests this mea- 
sure in all possible ways, to assure himself that no error can arise 
from its employment. Ho places in the course of one and the same 
current a series of cells with electrodes of diflerent sizes, some of them 
plates of platinum, others merely platinum wires, and collects the gas 
liberated on each distinct pair of electrodes. Ho finds the quantity of 


* I copy these words from the printed abstract of a Friday e\enmg lecture, 
given by myself, because tliey remind me of Faraday's voice, resiionding to the 
utterance by an emphatic hear I heart — Troceedtmjs of the Royal InaUtution, vol. ii., 
p. 132. 

t In 1838 he expresses liimself thus : — “ T1 3 wonl current is so expressive in 
common language that when iipj)lio<l in the conbidcratUin of electrical phenomoua, 
we can liardly divest it sullicieiitly of its meaning, or prevent our minds from beiug 
prejudiced by it.'’ — Exp, Researches, vol. i., p. 515. (§ 1617.) 
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gas to be the same for all. Thus bo concludes that when the same 
quantity of electricity is caused to pass through a scries of cells 
containing acidulated water, the olectro-chemical action is independent 
of the size of* the electrodes. He next proves that variations in in- 
tensity do not interfere with this equality of action. Wliether his 
battery is charged with strong acid or with weak ; whether it consists 
of five pairs or of fifty pairs ; in short, whatever be its source, when 
the same current is sent through his series of colls, the same amount 
of decomposition takes place in all. lie next assures himself that tlio 
strength or weakness of his dilute acid does not interfere witli this law. 
Sending the same current through a scries of cells containing mixtures 
of sulphuric acid and water of different strengths, he finds, howe.vcr 
the proportion of acid to water might vary, the same amount of gas to bo 
collected in all the cells. A crowd of facts of this character forced upon 
Faraday’s mind the conclusion that the amount of electro-chemical 
decomposition depends, not upon the size of the electrodes, not upon 
the intensity of the current, not upon the strength of the solution, but 
solely upon the quantity of electricity which passes tlirough the cell. 
The quantity of electricity he concludes is proportional to the amount 
of chemical action. On this law Faraday based the construction of his 
celebrated voltameter, or measurer of voltaic electricity. 

But before he can apply this measure he must clear his ground of 
numerous ].x)ssiblo sources of error. The decomposition of his acidu- 
lated water is certainly a direct result of the current; but as tho 
varied and important researches of MM. Becqucrel, Dc la Rive, and 
others had shown, there arc also secondary actions, which may materi- 
ally interfere with and complicate the pure action of the current. These 
actions may occur in two ways : either the liberated ion may^eize upon 
the electrode against which it is set free, forming a chemical compound 
with that electrode ; or it may seize upon tho substance of the elec- 
trolyte itself, and thu§ introduce into the circuit chemical actions 
over and. above those due to tho current. Faraday subjected these 
secondary actions to an exhaustive examination. Instructed by his 
experiments, and rendered competent by them to distinguish between 
primary and secondary results, he proceeds to establish the doctrine 
of “ definite electro-chemical decomposition.” 

Into the same circuit he introduced his voltameter, which con- 
sisted of a graduated tube filled with acidulated water and provided 
with platinum plates for the decomposition of the water, and also a 
cjell containing chloride of tin. Experiments already referred to had 
taught him that this substance, though an insulator when solid, is a 
conductor when fused, the passage of the current being always t^^com- 
panied by the decomposition of the chloride. He wished now to ascer- 
tain what relation this decomposition bore to that of the water dn his 
voltameter. ] 

Completing his circuit, he permitted the current to continue until 
a reasonable quantity of gas ” was collected in the voltameter. The 
circuit was then broken, and the quantity of tin liberated compared 



LIBRARY OF SCIENCE 


75 

with the quantity of gas. Tlio weight of the former was 3*2 grains, 
that of the latter 0*49742 of a grain. Oxygen, as you know, unites 
with hydrogen in tho proportion of 8 to 1 to form water. Calling tho 
equivalent, or, as it is sometimes called, the atomic weight of hydro- 
gen 1, that of oxygen is 8; that of water is consequently 8 + 1, or 9. 
Now if the quantity of water decomposed in Faraday’s experiment be 
represented by the number 9, or in other words by the equivalent of 
water, then tho quantity of tin liberated from the fused chloride is 
found by an easy calculation to be 67*9, which is almost exactly the 
chemical equivalent of tin. Thus both tho water and the chloride 
wore broken up in proportions expressed by tlieir respective equi- 
valents. Tho amount of electric force which wrenched asunder the 
constituents of tho molecule of water was competent, and neither more 
nor loss than competent, to \vrench asunder the constituents of tho 
molecules of the chloride of tin. Tho fact is typical. With the 
indications of his voltameter ho compared the decomposition of other 
substances both singly and in series. ITc submitted his amclusions 
to numberless tests. Ho purposely introduced secondary actions. Ho 
endeavoured to hamper the fulfilment of tliose laws which it was tho 
intense dcsiro of his mind to seo established. But from all these 
difficulties emerged the golden truth, that under every variety of cir- 
cmnstances tho decompositions of the voltaic current are as definite in 
their character as those chemical combinations which gave birth to 
the atomic theory. This law of electro-chemical decomposition ranks, 
in point of importance, with that of definite combining proportions in 
chemistry. 


Origin of Power in the Voltaic Pile, 

In one of the public areas of tho town of Como stands a statue, 
with no inscription on its pedestal save that of a single name, “Volta.” 
Tho bearer of that name occupies a idaco for ever memorable in the 
history of science. To him we owo the discovery of the voltaic pile, 
to which, for a brief interval, wo must now turn our attention. 

Tho objects of scientific thought being the passionless laws and phe- 
nomena of external nature, one might suppose that their investigation 
and discussion would be completely withdrawn from the region of 
tho feelings, and pursued by the cold dry light of the intellect alone. 
This, however, is not always the case. Man carries his heart with him 
into all his works. You cannot separate tho moral and emotional from 
the intellectual ; and thus it is that the discussion of a point of science 
may rise to the heat of a battle-field. Tho fight between the rival 
optical theories of Emission and Undulation was of this fierce cha- 
racter ; and scarcely less fierce for many years was the contest as to 
the origin and maintenance of the power of the voltaic pile. Volta 
himself supposed it to reside in the contact of different metals. Here 
was exerted his “ electro-motive force,” which tore the combined eleo- 
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tricities asunder and drove them as currents in opposite directions. 
To render the circulation of the current possible, it was necessary to 
connect the metals by a moist conductor ; for when any two metals 
were connected by a third, their relation to each other was such that 
a complete neutralization of the electric motion was the result. 
Volta’s theory of metallic contact was so clear, so beautiful, and 
apparently so complete, that the best intellects of Eurt>pe accepted it 
as the expression of natural law. 

Volta himself knew nothing of the chemical phenomena of the pile ; 
but as soon as those became known, suggestions and intimations 
appeared that chemical action, and not metallic contact, might be the 
real source of voltaic electricity. This idea was expressed by Fabroni 
in Italy and by Wollaston in England. It was developed and main- 
tained by those “ admirable electricians,” Becquerel, of Paris, and De 
la Rive, of Geneva. The contact theory, on the other hand, received 
its chief development and illustration in Germany. It was long the 
scientific creed of the great chemists and natural philosophers of that 
country, and to the present hour there may be some of them unable to 
liberate themselves from the fascination of their first-love. 

After the researches which 1 have endeavoured to place before you, 
it was impossible for Faraday to avoid taking a side in this controversy. 
He did so in a paper “ On the Electricity of the Voltaic Pile,” received 
by the Royal Society, on the 7th of April, 1834. His position in the 
controversy might have been predicted. He saw chemical effects 
going hand-in-lmnd with electrical effects, the one being proportional 
to the other ; and, in the paper now before us, he proved that when 
the former were excluded, the latter were sought for in vain. He pro- 
duced a current without metallic contact; he discovered liquids which, 
though competent to transmit the feeblest currents — competent there- 
fore to allow the electricity of contact to flow through them if it were able 
to form a current — were'absolutely powerless when chemically inactive. 

One of the very few experimental mistakes of Faraday occurred in 
this investigation. He thought that with a single voltaic cell he had 
obtained the spark before Ote metals touched^ but he subsequently dis- 
covered his error. To enable the voltaic spark to pass through air 
before the terminals of the battery were united, it was necessary to 
exalt the electro-motive force of the battery by multiplying its ele- 
ments; but all the elements Faraday possessed were tmequal to the 
task of urging the spark across the shortest measurable space of air. 
Nor, indeed, could the action of the battery, the different metals of 
which were in contact with each other, decide the point in question. 
Still as regards the identity of electricities from various sources, it 
was at that day of great importance to determine whether or i|ot the 
voltaic current could jump as a spark across an interval befoiiB con- 
tact. Faraday’s friend, Mr. Gassiot, solved this problem. He greeted 
a battery of 4000 cells, and with it urged a stream of sparki from 
terminal to terminal, when separated from each other by a meaiurable 
space of air. 
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The memoir on the “ Electricity of the Voltaic Pile,” published in 
1884, appears to have produced but little impression upon the sup- 
porters of the contact theory. These indeed wore men of too great 
intellectual weight and insight lightly to take up, or lightly to abandon 
a theory. Faraday therefore resumed the attack in a paper communi- 
cated to the Royal Society, on the 6th of February, 1840. In this 
paper he hampered his antagonists by a crowd of adverse experiments. 
He hung difficulty after difficulty about the neck of the contact theory, 
until in its efforts to escape from his assaults it so changed its character 
as to become a thing totally different from the theory proposed by 
Volta. The more persistently it was defended, however, the more 
clearly did it show itself to be a congeries of devices, bearing the 
stamp of dialectic skill rather than that of natural truth. 

In conclusion, Faraday brought to bear upon it an argument which, 
had its full weight and purport been understood at the time, would have 
instantly decided the controversy. “ The contact theory,” he urged, 
“ assumes that a force which is able to overcome powerful resistance, 
as for instance that of the conductors, good or bad, through which the 
current passes, and that again of the electrolytic action where bodies 
are decomposQd by it, can arise out of nothing: that without any 
change in the acting matter, or the consumption of any generating 
force, a current shall be produced which shall go on for ever against 
a constant resistance, or only bo stopped, as in the voltaic trough, by 
the ruins which its exertion has heaped up in its own course. This 
would indeed be a creation of power^ and is like no other force in 
nature. We have many processes by which the form of the power 
may bo so changed, that an apparent conversion of one into the other 
takes place. So we can change chemical force into the electric 
current, or the current into chemical force. The beautiful experiments 
of Seebeck and Peltier show the convertibility of heat and electricity ; 
and others by Oersted and myself show the convertibility of electricity 
and magnetism. But in no case, not even in those of the Gymnotus and 
Torpedo, is there a pure creation or a production of power without a cor- 
responding exhaustion of something to supply it” 

These words were published more than two years before either 
Mayer printed his brief but celebrated essay on the Forces of Inorganio 
Nature, or Mr. Joule publislicd his first famous experiments on the 
Mechanical Value of Heat. They illustrate the fact that before any 
groat scientific principle receives distinct enunciaticn by individuals, 
it dwells more or less clearly in the general scientific mind. The 
intellectual plateau is already high, and pur discoverers are those who, 
like peaks above the plateau, rise a little above the general level of 
thought at the time. 

But many years prior, even to the foregoing utterance of Faraday, 
a similar argument had been employed. I quote here with equal 
pleasure and admiration the following passage written by Dr. Roget 
so far back as 1829. Speaking of the contact theory, he says : — “ If 
there could exist a power having the property ascril^d it to by the 
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hypothesis, namely, that of giving continual impulse to a fluid in 
one constant direction, without being exhausted by its own action, 
it would differ essentially from all the known powers in nature. All 
the powers and sources of motion with the operation of which wo are 
acquainted, when producing these peculiar effects, are expended in 
the same proportion as those effects are produced ; and hence arises the 
impossibility of obtaining by their agency a perpetual effect ; or in other 
words a perpetual motion. But the electro-motive force, ascribed by 
Volta to the metals, when in contact, is a force which, as long as a free 
course is allowed to the electricity it sets in motion, is never expended, 
and continues to be excited with undiminished power in the production 
of a never-ceasing effect. Against the truth of s 7 ch a supposition the 
probabilities are all but infinite.” When this argument, which he em- 
ployed independently, had clearly fixed itself in his mind, Faraday never 
cared to experiment further on ^e source of electricity in the voltaic 
pile. The argument apx)eared to him “ to remove the foundation itself 
of the contact theory,” and he afterwards let it crumble down in peace.* 


Researches on Frictional Electricity : Induction : Conduction : Specific 
Inductive Capacity : Theory of Contiguous Particles, 

The burst of power which had filled the four preceding years with an 
amoimt of experimental work unparalleled in the history of science 
partially subsided in 1835, and the only scientific paper contributed 
by Faraday in that year was a comparatively imimportant one, “ On 
an improved Form of the Voltaic Battery.” He brooded for a time : 
his experiments on electrolysis had long filled his mind 4 ho looked, 
as already stated, into the very heart of the electrolyte, endeavour- 
ing to render the play of its atoms visible to his mental eye. He 
had no doubt that in {his case what is called the electric current ” 
was propagated &om particle to particle of the electrolyte ; he accepted 
the doctrine of decomposition and recomposition which, according to 
Grothuss and Davy, ran from electrode to electrode. And the thought 
impressed him more and more that ordinary electric induction was also 
transmitted and sustained by the action of “ contiguous particles,'' 


• To account for the electric current, which was really the core of the whole 
discussion, Faraday demonstrated the impotence of the contact theoiy as then 
enunciated and defended. Ctili, it is certain that two different metals, when 
brought into contact, charge themselves, the one with positive and the other with 
negative electricity. I liad the pleasure of going over this ground with Kohl- 
rauseh in 1849, and his experiments left no doubt upon my mind that the coutact 
electricity of Volta was a reality, though it could pioduce no current. With ono 
of the beautiful instruments devised by himself, Sir William Thomson has ren- 
der^ this point capable of sure and easy demonstration ; and he and osiers now 
hold what may be called a contact theory, which, while it takes intef account 
the action of the metals, also embraces the chemical phenomena of the circuit. 
Helmholtz, 1 believe, was the first to give the contact theory this new fottn, in his 
celebrated essay, Ueher die Erhaltmg der Kraft, p. 45. 
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His first great paper on fnctional electricity was sent to the Boyal 
Society on the 30th of November, 1837. Wo here find him face to 
face with an idea which beset his mind throughout his whole subse- 
quent life, — the idea of action at a distance. It perplexed and bewil- 
dered him. In his attempts to get rid of this perplexity he was often 
unconsciously rebelling against the limitations of the intellect itself. 
He loved to quote Newton upon this point : over and over again ho 
introduces his memorable words, “That gravity should be innate, 
inherent, and essential to matter, so that one body may act upon 
another at a distance through a vacuum and without the mediation of 
anything else, by and through which this action and force may be 
conveyed from one to another, is to me so great an absurdity, that I 
believe no man who has in philosophical matters a competent faculty 
of thinking can ever fall into it. Gravity must be caused by an agent 
acting constantly according to certain laws ; but whether this agent 
be material or immaterial 1 have left to the consideration of my 
readers.*** 

Faraday does not see the same difficulty in his contiguous particles. 
And yet by transferring the conception from masses to particles we 
simply lessen size and distance, but we do not alter the quality of the con- 
ception. Wliatever difficulty the mind experiences in conceiving of 
action at sensible distances, besets it also when it attempts to conceive 
of action at insensible distances. Still the investigation of the point 
whether electric and magnetic effects were wrought out through the 
intervention of contiguous particles or not, had a physical interest 
altogether apart from the metaphysical difficulty. Famday grapples 
with the subject experimentally. By simple intuition he sees that 
action at a distance must be exerted in straight linos. Gravity, he 
knows, will not turn a corner, but exerts its pull along a right lino ; 
hence his aim and effort to ascertain whether electric action ever takes 
place in curved lines. This once proved, it would follow that the 
action is carried on by means of a medium surrounding the electrified 
bodies. His experiments in 1837, reduced, in his opinion, this point 
to demonstration. He then found that he could electrify by induction 
an insulated sphere placed completely in the shadow of a body which 
screened it from direct action. He pictured the lines of electric force 
bending round the edges of the screen, and reuniting on the other side 
of it ; and he proved that in many cases the augmentation of the dis- 
tance between his insulated sphere and the inducing body, instead of 
lessening, increased the charge of the sphere. This he ascribed to the 
coalescence of the linos of electric force at some distance behind the 
screen. 

Faraday’s theoretic views on this subject have not received 
general acceptance, but they drove him to experiment, and experiment 
with him was always prolific of results. By suitable arrangements 
he places a metallic sphere in the middle of a large hollow sphere, 


wton’a third letter to Bentley. 
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leaving a space of something more than half-an-inoh between them. 
The interior sphere was insulated, the external one uninsulated. To 
the former he communicated a definite charge of electricity. It acted 
by induction upon the concave suiface of the latter, and he examined 
how this act of induction was effected by placing insulatoi's of various 
kinds between the two spheres. He tried gases, liquids, and solids, but 
the solids alone gave him positive results. He constructed two instru- 
ments of the foregoing description, equal in size and similar in form. 
The interior sphere of each communicated with the external air by a 
brass stem ending in a knob. The apparatus was virtually a Leyden 
jar, the two coatings of which were the two spheres, with a thick and 
variable insulator l^tween them. The amount of charge in each jar was 
determined by bringing a proof-plane into contact with its knob, and 
measuring by a torsion balance the charge taken away. He first 
charged one of his instruments, and then dividing the charge with the 
other, found that when air intervened in both cases, the charge was 
equally divided. But when shell-lac, sulphur, or spermaceti was inter- 
posed between the two spheres of one jar, while air occupied this 
interval in the other, then he found that the instrument occupied by 
the solid dielectric ” takes more than half the original charge. A 
portion of the charge was absorbed in the ^electric itself. The elec- 
tricity took time to penetrate the dielectric. Immediately after the 
diseWge of the apparatus no trace of electricity was found upon its 
knob. But after a time electricity was found there, the charge having 
gradually returned from the dielectric in which it had been lodged. 
Different insulators possess this power of permitting the charge to 
enter them in different degrees. Faraday figured their particles as 
polarized, and he concluded that the force of induction is propagated 
from particle to particle of the dielectric from the inner sphere to the 
outer one. This power of propagation possessed by insulators ho 
calls their “ Specific Inductive Capacity'* 

Faraday visualizes with the utmost clearness the state of his con- 
tiguous particles ; one after another they become charged, each suc- 
ceeding particle depending for its charge upon its predecessor. And 
now he seeks to break down the wall of partition between conductors 
and insulators. Can we not,'* he says, “ by a gradual chain of asso- 
ciation carry up discharge from its occurrence in air through spermaceti 
and water to solutions, and then on to chlorides, oxides, and metals, 
without any essential change in its character ? ” Even copper, he 
urges, offers a resistance to the transmission of electricity. The action 
of its particles differs from those of an insulator only in degree^ They 
ore ch^ged like the prides of the insulator, but they discharge with 
greater ease and rapidity ; and this rapidity of molecular discharge is 
what we call conduction. Conduction then is always preceded by 
atomic induction f and when through some quality of the bod^ which 
Faraday does not define, the atomic discharge is rendered slow and 
difficult, conduction passes into insulation. 

Though they are often obscure, a fine vein of philosophic thought 
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runs through those investigations. The mind of the philosopher 
dwells amid those agencies which underlie the visible phenomena of 
Induction and Conduction ; and he tries by the strong light of his 
imagination to see the very molecules of his dielectrics. It would, 
however, be easy to criticize these researches, easy to show the loose- 
ness, and sometimes the inaccui*acy, of the phraseology employed; 
but this critical spirit will get little good out of Faraday. Rather let 
those who ponder his works seek to realize tho object he set before 
him, not permitting his occasional vagueness to interfere with their 
appreciation of his speculations. We may see tho ripples, and eddies, 
and vortices of a flowing stream, without being able to resolve all 
these motions into their constituent elements; and so it sometimes 
strikes mo that Faraday clearly saw the play of fluids and ethers and 
atoms, though his previous training did not enable him to resolve 
what ho saw into its constituents, or describe it in a manner satisfac- 
tory to a mind versed in mechanics. And then again occur, I confess, 
dark sayings, difficult to bo understood, which disturb my confidonco 
in this conclusion. It must, however, always be remembered that he 
works at the very boundaries of our knowledge, and that his mind 
habitually dwells in the “ boundless contiguity of shade by which 
that knowledge is surrounded. 

In the researches now under review the ratio of speculation and 
reasoning to experiment is far higher than in any of Faraday’s 
previous works. Amid much that is entangled and dark we have 
flashes of wondrous insight and utterances which seem less tho product 
of reasoning than of revelation. I will confine myself hero to one 
example of this divining power : — By his most ingenious device of a 
rapidly rotating mirror, Wheatstone had proved that electricity re- 
quired time to pass through a wire, tho current reaching the middle 
of tho wire later than its two ends. “ If,” says Faraday, “ the two 
ends of the wire in Professor Wheatstone’s exjieriments were imme- 
diately connected with two large insulated metallic surfaces exposed 
to tho air, so that tho primary act of induction, after making the 
contact for discharge, might bo in part removed from the internal 
portion of the wire at tho first instance, and disposed for the moment 
on its surface jointly with tho air and surrounding conductors, then I 
venture to anticipate that tho middle spark would be more retarded 
than before. And if those two plates were tho inner and outer 
coatings of a large jar or Leyden battery, then tho retardation of the 
spark would bo much greater.” This was only a prediction^ for the 
experiment was not made.* Sixteen years subsequently, however, the 
proper conditions came into play, and Faraday was able to show 
that the observations of Werner Siemens, and Latimer Clark, on 
subterraneous and submarine wires were illustrations, on a grand 

• If Sir Charles Wheatstone could be induced to take up bis measurements 
once more, varying the substances through which, and tho conffitions under which 
the current is propagated, he might render great service to science, both theorotio 
and experimental. 
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scale, of the principle which he had enunciated in 1838. The wires 
and the surrounding water act as a Leyden jar, and the retardation 
of the current predicted by Faraday manifests itself in every message 
sent by such cables. 

The meaning of Faraday in these memoirs on Induction and Con- 
duction is, as 1 have said, by no means always clear ; and the diffi- 
culty will be most felt by those who are best trained in ordinary theo- 
retic conceptions. He does not know the reader’s needs, and he there- 
fore does not meet them. For instance, ho speaks over and over again 
of the impossibility of charging a body with one electricity, though the 
impossibility is by no means evident. The key to the difficulty is 
this. He looks upon every insulated conductor as tho inner coating of 
a Leyden jar. An insulated sphere in the middle of a room is to his 
mind such a coating ; the walls arc the outer coating, while tho air be- 
tween both is the insulator, across which tho charge acts by induction. 
Without this reaction of the walls upon tho sphere you could no more, 
according to Faraday, charge it with electricity than you could charge 
a Leyden jar, if its outer coating were removed. Distance with him is 
immaterial. His strength as a gcncralizer enables him to dissolve tho 
idea of magnitude ; and if you abolished the walls of the room — oven 
the earth itself — ho would make the sun and planets the outer coating 
of his jar. I dare not contend that Faraday in these memoirs made 
all his theoretic positions good. But a pure vein of philosophy runs 
through these writings ; while his experiments and reasonings on tho 
forms and phenomena of electrical discharge are of imperishable 
importance. 

Rest needed — Visit to Switzerland, 

Tho last of these memoirs was dated from the Royal Institution 
in Juno, 1838. It concludes the first volume of his ‘ Ex})cri mental 
Researches on Electricity.’ In 1840, as already stated, he made his 
final assault on the contact theory, from which it never recovered.* 
He was now feeling the cfiects of the mental strain to which he had 
been subjected for so many years. During these years he repeatedly 
broke down. His wife alone witnessed the extent of his prostration, 
and to her loving care we, and the world, are indebted for the 
enjoyment of his presence here so long. Ho found occasional relief 
in a theatre. Ho frequently quitted London and went to Brighton 
and elsewhere, always choosing a situation which commanded a view 
of the sea, or of some other pleasant horizon, whore he could sit and 
gaze and feel the gradual revival of the faith that 

“ Nature never did betray 

The heart that loved her.” 

But very often for some days after his removal to the coui^ry he 
would be unable to do more than sit at a window and look oi|t upon 
the sea and sky. 


* See note, p. 7 7 
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In 1841, his state became more sorions than it had ever been 
before. A published letter to Mr. Bichard Taylor, dated March 
11, 1843, contains an allusion to his previous condition. You are 
aware,” he says, “ that considerations regarding health have prevented 
me from working or reading on science for the last two years.” This, 
at ono period or another of their lives, seems to be the fate of most 
great investigators. They do not know the limits of their consti- 
tutional strength until they have transgressed them. It is, perhaps, 
right that they should transgress them, in order to ascertain whero 
they lie. Faraday, however, though he went far towards it, did not 
push his transgression beyond his power of restitution. In 1841 
Mrs. Faraday and he wont to Switzerland, under the affectionate 
charge of her brother, Mr. George Barnard, the artist. This time of 
suffering throws fresh light upon his character. I have said that 
sweetness and gentleness were not its only constituents; that he 
was also fiery and strong. At the time now referred to his fire was 
low and his strength distilled away ; but the residue of his life was 
neither irritability nor discontent. He was unfit to mingle in society, 
for conversation was a pain to him ; but let us observe the great 
Man-child when alone. He is at the village of Interlaken, enjoying 
Jungfrau sunsets, and at times watching the Swiss nailers making 
their nails. Ho keeps a little journal, in which ho describes the 
process of nail-making, and incidentally throws a luminous beam upon 
himself. 

“ August 2nd, 1841. Clout nail-making goes on hero ratlier considerably, 
and is a very neat and pretty operation to observe. I love a smith’s shop and 
anything relating to smithery. My father teas a 


From Interlaken he went to the Falls of the Giessbach, on the 
pleasant lake of Brientz. And here we have him watching the shoot 
of the cataract down its series of precipices. It is shattered into 
foam at the base of each, and tossed by its own recoil as water-dust 
through the air. The sun is at his back, shining on the drifting 
spray, and he thus describes and muses on what he secs 

“August 12th, 1841. To-day eveiy fall was foaming from the abundance 
of water, and the current of wind brought down by it was in some places too 
strong to stand against. The sun shone brightly, and the rainbows seen from 
various points were very beautiful. One at the bottom of a fine but fuiious fall 
was very pleasant, — there it remained motionless whilst the gusts and clouds 
of spray swept furiously across its place and were dashed against the rock. 
It luok^ like a spirit strong in faith and steadfast in the midst of the storm of 
pa^sions sweeping across it, and though it might fade and levive, still it held 
on to the rook as in hope and giving hope. And the very drops, which in the 
whirlwind of their fury seemed as if they would cairy all away, were made to 
revive it and give it greater beauty.” 
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Magnetization of Light, 

But we must quit the man and go on to the discoverer : we shall 
return for a brief space to his company by and by. Carry your 
thoughts back to his last experiments, and see him endeavouring 
to prove that induction is duo to the action of contiguous particles. 
He knew that polarized light was a most subtle and delicate inves- 
tigator of molecular condition. He used it in 1834 in exploring his 
electrolytes, and ho tried it in 1838 upon his dielectrics. At that 
time he coated two opposite faces of a glass cube with tinfoil, con- 
nected one coating with his powerful electric machine and the other 
with the earth, and examined by polarized light the condition of the 
glass when thus subjected to strong electric influence. He failed 
to obtain any eflbct, still he was persuaded an action existed, and 
required only suitable means to call it forth. 

After his return from Switzerland he was beset by these thoughts : 
they were more inspired than logical ; but he resorted to magnets 
and proved his inspiration true. His dislike of “doubtful Imow- 
ledge” and his efforts to liberate his mind from the thraldom of 
hypotheses have been already referred to. Still this rebel against 
theory was incessantly theorizing himself. His principal researches 
are all connected by an undercurrent of speculation. Theoretic 
ideas were the very sap of his intellect — the source from which all 
his strength as an experimenter was derived. While once sauntering 
with him through the Crystal Palace, at Sydenham, I asked him what 
directed his attention to the magnetization of light It was his 
theoretic notions. He had certain views regarding the unity and 
convertibility of natural forces ; certain ideas regarding the vibrations 
of light and their relations to the lines of magnetic force ; these views 
and ideas drove him to investigation. And so it must always be : the 
great experimentalist must ever be the habitual theorist, whether or not 
he givee to his theories formal enunciation. 

Faraday, you must have been informed, endeavoured to improve 
the manufacture of glass for optical purposes. But though ho pro- 
duced a heavy glass of great refractive power, its value to optics did 
not repay him for the pains and labour bestowed on it. Now, however, 
we reach a result established by means of this same heavy glass, which 
made ample amends for all. 

In November, 1845, ho announced his discovery of the “ Magneti- 
zation of Light, and the Illumination of the Lines of Magnetic Force.” 
This title provoked comment at the time, and caused misapprehension. 
He therefore added an explanatory note ; but the note left his meaning 
as entangled as before. In fact, Faraday had notions regarding the 
magnetization of light which were peculiar to himself, and untrans- 
latable into the soientific language of the time. Probably np other 
philosopher of his day would have employed the phrases just quoted 
as appropriate to the discovery announced in 1845. But Faraday 
was more than a philosopher ; he was a prophet, and often wrought 
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by an inspiration to be understood by sympathy alone. The prophetic 
element in his character occasionally coloured and even injured the 
utterance of the man of science ; but subtracting that element, though 
you might have conferred on him intellectual symmetry, you would 
have destroyed his motive force. 

But let us pass from the label of this casket to the jewel it con- 
tains. “ I have long,” he says, “ hold an opinion almost amounting to 
conviction, in common I believe with many other lovers of natural 
knowledge, that the various forms under which the forces of matter 
are made manifest have one common origin ; in other words, are so 
directly related and mutually dependent, that they are convertible, as 
it were, into one another, and possess equivalents of power in their 

action This strong persuasion,” ho adds, “ extended to the 

powers of light.” And then he examines the action of magnets 
upon light. From conversation with him and Anderson, I should 
infer that the labour preceding this discovery was very great. The 
world knows little of the toil of the discoverer. It sees the climber 
jubilant on the mountain-top, but docs not know the labour ex- 
pended in reaching it. Probably hundreds of experiments had been 
made on tranpyv^ront crystals before ho thought of testing his heavy 
glass. Here is his own edear and simple description of the result of 
his first experiment with this substance : — “ A piece of this glass, about 
two inches square, and O'o of an inch thick, having flat and polished 
edges, was placed as a diamagnetic* between the poles (not as yet 
magnetized by the electric current), so that the polarized ray should 
pass through its length ; the glass acted as air, water, or any other 
transparent substance would do ; and if the eye-piece were previously 
turned into such a position that the polarized ray was extinguibhed, or 
rather the imago produced by it rendered invisible, then the intro- 
duction of the glass made no alteration in this respect. In this state 
of circumstances, the force of the clcctro-magnct was developed by 
sending an electric current through its coils, and immediately the 
image of the lamp-flame became visible, and continued so long as 
the arrangement continued luagnotic. On stopping the electric cur- 
rent, and so causing the magnetic force to cease, the light instantly 
disappeared. These phenomena could be renewed at pleasure, at any 
instant of time, and upon any occasion, showing a perfect dependence 
of cause and effect.” 

In a beam of ordinary light the particles of the luminiferous ether 
vibrato in all directions perpendicular to the lino of progression ; by 
the act of polarization, performed hero by Faraday, all oscillations but 
those parallel to a certain plane are eliminated. When the plane of 
vibration of the polarizer coincides with that of the analyzer, a portion 


♦ “By a diamagnetic'' says Fprnday, ”1 mean a bcnly through which linos of 
magnetio force ore passing, and which does not bv their action assume tlie usual 
lufi^etio state of iron or loadstone.’' Faraday subsequently used this term in a 
dml^nt senso fmm that here given, as will immediately appear. 
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of the beam passes through both ; but when these two planes are at 
right angles to each other, the beam is extinguished. If by any means, 
while the polarizer and analyzer remain thus crossed, the plane of 
vibration of the polarized beam between them could bo changed, then 
the light would be, in part at least, transmitted. In Faraday’s ex- 
periment this was accomplished. His magnet turned the plane of 
polarization of the beam through a certain angle, and thus enabled it 
to get through the analyzer ; so that “ the magnetization of light and 
the illumination of the magnetic lines of force” becomes when ex- 
pressed in ,tho language of modern theory, the rotation of the jplane of 
polarization. 

To him, as to all true philosophers, the main value of a fact was 
its position and suggostivencss in the general sequence of scientific 
truth. Hence, having established the existence of a phenomenon, his 
habit was to look at it from all possible points of view, and to develop 
its relationship to other phenomena. He proved that the direction of 
the rotation depends upon the polarity of his magnet ; being reversed 
when the magnetic poles are reversed. Ho sliowed that when a 
polarized ray passed through his heavy glass in a direction parallel to 
the magnetic lines of force, the rotation is a maximum, and that when 
the direction of the ray is at right angles to the linos of force there 
is no rotation at all. Ho also proved that the amount of the rotation 
is proportional to the length of the diamagnetic through which the ray 
passes. He operated with liquids and solutions. Of aqueous solutions 
he tried 150 and more, and found the power in all of them. He then 
examined gases ; but hero all his efforts to produce any sensible action 
upon the polarized beam were ineffectual. Ho then passed from mag- 
nets to currents, enclosing bars of heavy glass, and tube® containing 
liquids and aqueous solutions within an electro-magnetic helix. A cur- 
rent sent through the ,holix caused the plane of polarization to rotate, 
and always in the direction of the current. The rotation was reversed 
when the current was reversed. In the case of magnets, ho observed a 
gradual, though quick, ascent, of the transmitted beam from a state of 
darkness to its maximum brilliancy when the magnet was excited. In 
the case of currents, the beam attained ai once its maximiun. This he 
showed to be due to the time required by the iron of the electro-magnet 
to assume its full magnetic power, which time vanishes when a current 
without iron is employed. “ In this experiment,” ho says, “ we may, 
I think, justly say that a ray of light is electrified, and the electrio 
forces illuminated.” In the helix, as with the magnets, he submitted 
air to magnetic influence “ carefully and anxiously,” but cguld not 
discover any trace of action on the polarized ray. 

Many substances possess the power of turning the plane of polari- 
zation without the intervention of magnetism. Oil of turpen|ine and 
quartz are examjdes : but Faraday showed that, while in one direction, 
uiat is, across the lines of magnetic force, his rotation is zdko, aug- 
menting gradually from this until it attains its maximum, when the 
direction of the ray is parallel to the lines of force, in the oil of 
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turpentine, tHe rotation is independent of the direction of the raj. 
But he showed that a still more profound distinction exists between 
the magnetic rotation and the natural one. I will try to explain how. 
Suppose a tube with glass ends containing oil of turpentine to be 
placed north and south. Fixing the eye at the south end of the tube, 
let a polarized beam be sent through it from the north. To the 
observer in this position the rotation of the plane of polarization, by 
the turpentine, is right-handed. Lot the eye bo plac^ at the north 
end of the tube and a beam be sent through it from the south : the 
rotation is still right-handed. Not so, however, when a bar of heavy 
glass is subjected to the action of an electric current. In this case 
if, in the first position of the eye, the rotation be right-Iianded, in 
the second position it is left-handed. These considerations make it 
manifest that if a polarized beam, after having passed through the oil 
of turpentine in its natural state, could, by any means, be reflected 
back through the liquid, the rotation impressed upon the direct beam 
would bo exactly neutralized by that impressed upon the refiected one. 
Not so with the induced magnetic effect Here it is manifest that 
the rotation would be doubled by the act of reflection. Hence Fara- 
day concludcTt ^hat the particles of the oil of turpentine which rotate 
by virtue of their natural force, and those which rotate in virtue of 
the induced force, cannot bo in the same condition. The same remark 
applies to all bodies which possess a natural power of rotating the 
plane of polarization. 

And then he proceeded with exquisite skill and insight to take ad- 
vantage of this conclusion. He silvered the ends of his piece of heavy 
glass, leaving, however, a narrow portion parallel to two edges dia- 
gonally opposed to each other unsilvered. He then sent his beam 
through this uncovered portion, and by suitably inclining his glass 
caused the beam within it to roach his eye, first direct, and then after 
two, four, and six reflections. These corresponded to the passage of 
the ray once, three times, five times, and seven times through the 
gloss. He thus established with numerical accuracy the exact pro- 
portionality of the rotation to the distance traversed by the polarized 
beam. Thus in one series of experiments where the rotation acquired 
by the direct beam was 12*^, that acquired by three passages through 
the glass was 36^, while that acquired by five passages was 60^. 
But even when this method of magnifying was applied, he failed with 
various solid substances to obtain any effect ; and in the case of air, 
though he employed to the utmost the power which these repeated 
reflections placed in his liands, he failed to produce the slightest 
sensible rotation. 

These failures of Faraday to obtain the effect with gases, seem to 
indicate the true seat of the phenomenon. The lumi^erous ether 
surrounds and is influenced by the ultimate particles of matter. The 
symmetry of the one involves that of the other. Thus, if the molecules 
of a crystal bo perfectly symmetrical round any line through the 
crystal, we may safely conclude that a ray will pass along this line 
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as through ordinary glass. It will not be doubly refracted. From 
the symmetry of the liquid figures, known to be produced in the planes 
of freezing, when radiant heat is sent through ice, we may safely infer 
symmetry of aggregation, and hence conclude that the line perpendi- 
cular to the planes of freezing is a line of no double refraction : that it 
is, in fact, the optic axis of the crystal. The same remark applies to 
the line joining the opposite blunt angles of a crystal of Iceland spar. 
The arrangement of the molecules round this line being symmetrical, 
the condition of the ether depending upon these molecules shares their 
symmetry ; and there is, therefore, no reason why the wave-length 
i^ould alter with the alteration of the azimuth round this line. An- 
nealed glass has its molecules symmetrically arranged round every 
line that can bo drawn through it ; hence it is not doubly refractive. 
But let the substance be either squeezed or strained in one direction, 
the molecular symmetry, and with it the symmetry of the ether, is 
immediately destroyed and the glass becomes doubly refractive. 
Unequal heating produces the same effect. Thus mechanical strains 
revecd themselves by optical effects ; and there is little doubt that in 
Faraday’s experiment it is the magnetic strain that produces the rota- 
tion of the plane of polarization.^ 


Discovery of Diamagnetism — Besearches on Magne-CrystdlUc Action, 

Faraday’s next groat step in discovery was announced in a memoir 
on the “Magnetic Condition of all Matter,” communicated to the 
Eoyal Society on the 18th of December, 1845. One great source of 
his success was the employment of extraordinary power*. As already 
stated, he never accept^ a negative answer to an experiment until ho 
had brought to bear .upon it all the force at his command. Ho had 
over and over again tried steel magnets and ordinary electro-magnets 
on various substoces, but without detecting anything different from the 
ordinary attraction exhibited by a few of them. Stronger coercion, 
however, developed a now action. Before the polo of an electro- 
magnet, he suspended a fragment of his famous heavy glass ; and 
observed that when the magnet was powerfully excited the glass fairly 
retreated from the pole. It was a clear case of magnetic repulsion. 
He then suspended a bar of the glass between two poles ; the bar 
retreated when the poles were excited, and set its length equatorially 


♦ The power of double refraction conferred on the centre of a glass rod, when 
it is caused to sound the fundamental note due to its longitudinal vibration, and 
the absence of the same power in the case of vibrating air (enclosed in a glass 
organ-pipe), seems to be analogous to the presence and absence of Faraday's effect 
in the same two sujiMBtanoes. 

Faraday never, to my knowledge, attempted to give, even in conversation, a 
picture of the molecular condition of his heavy glass when subjected tv magnetic 
lufiuence. In a mathematical investigation of the su^ect, publish^ in the 
Proceedings of the Royal Society for 1856, Sir William Thomson arrives at the 
oonolusion that the “ diamagnetic " is in a state of molecular rotation. 
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or at right angles to tho lino joining them. When an ordinary 
magnetic body was similarly suspended, it always sot axially, that is, 
from pole to j>ole. 

Faraday <iallcd those bodies which were repelled by tho jades of 
a magnet, diamay/ietic bodies; UMiig this term in a sense different 
from that in which ho employc'd it in his m(‘moir on Ihe magnoti- 
acation of light. The term maymtir ho reserved f<»r bo«lies whieh 
exhibited the ordinary attraction. He afh rwards einjdoyed tlu* tei Jii 
magnetic to coviU* the wlndc phenomena of attraetimi and njnilsit)!!, 
and used the w^ord paraiuayiuiic to designate such magiietie aedion as 
is exliibited by iron. 

Isolated observations by llrugmanns, Bt etpierel, le Jlaillif, Saigy, 
and Seebeek had indicated the exi.sbsiee of a repulsive fore(‘ e\e] «‘is< d 
by the magnet on two or three substam^es ; but those (d»( rvations, 
whieh were imkiiowu to Faiaulay, had bi'cii ]>eimlth'd to r(*miiin with- 
out ext(‘nsion or examination. Having laid hold of the fact of repul- 
sion, Faraday immediately t'X])and('d and nmltijdied it. He suhji'elcd 
bodies of tlio most various <|naliti(‘S to tlu' aetion of bis magnet : - 
miiu*ral salts, aeids, alkalis, etliers, ale(diols, tupierms holnti(/Jis, glass, 
l)hosphoi*ns, oils, essences, vc'getable and Muimal tisanes, and 

found them all amenable' to magnetic intiueuco. No koowji s did or 
liquid provt'd ius<‘nsibh' to tbe magiu tie ])ower when devidojx d in 
Hufficieiit strength. All Uk' tissues of tlio liuman hody, tin- Idood 
though it contains iron - included, were ju’oved to he dianiagnt tie. 
So that if you could suspend a man hetwteii tin* poles ()f a niagiud, 
his cxtr<‘initie,s would retreat from the poles until liis huigtli bi eaiuo 
equatorial. 

Soon aftm* he had oomaumeed his ivseareh( s on (lianiagut tisiii, 
Faraday noticed a remarkable pheuom(‘noii which tirst (Tos.sful my 
own i)atli in the following way : In the year J8Lh uhih* woiking 
ill tlui cahinct of iiiy friend, Ib^otessor Knohlaiieh, of ^Marburg, 1 s\is- 
|Knded a sniall eop}>or coin bdwx en tlie jjoh'S of an eleetio-inngiu t. 
On exciting tlio magnet, the coin moved towai'ds tho polos and thou 
Hiiddenly st('])])ed, as if it had struck against a cushion. On breaking 
tbo circuit, tho coin W'a> re]>elh d, the revulsion l>v.ing so V’oleut as 
to cause it to sjun Sv vxual Limes round its axis i)t‘ Mc>pension. A Si/hn'- 
groachru similarly snsjuaidcd exhibited the sanio dcj>oi tnu‘nt. F\‘r a 
ijionu'nt 1 thought tliis a iii'w discovery ; but on hudving over tho 
litei'atnre f>f tlu' subject, it apjicared that Faraday had observed, multi- 
pik.), and e\])lain(‘d the same <‘fft et during lii.s ri'Searehcs on dia- 
magnetism. His explaiuition was hasod ujjon his own gix at discovery 
of niagm'to-cb etric eurr<'Uts. Tin effect is a most singular one. A 
weight of several pounds of eopj)i r may he sd spinning between tho 
clectro-inaguetic jiuli's; tlie exeiti'iuenl i>f tho magnet instantly slo])s 
tho rotation. Though nothing is appart nl to the eye, the eopj>er, if 
moved in tho excited magnetic held, appeal's to m».ea' through a viscous 
fluid ; while, when a flat piece of tlio metal is caused tii pass to and 
fro liko a saw between the poles, tlie sawing of the magnetic held 


HS Vol 2 I) 



LIBRARY OF SCIKNGE 


90 

resembles the eiittin;? through of cheese or biittor.* This virtual friction 
of tlio magnetic fiehl is so strong that copper by its rapid rotation 
botueeu the poles niiglit probably bo fused. Wo may easily dismiss 
this experiment by siiying that the heat is duo to the electric currents 
excited in the copper. But so long as we are unablo to re^dy to tho 
([uestion, “What is an electric eiirrent tho explanation is only 
provisional. For my own part, I look with profound interest and 
hope on the strange action hero referred to. 

Faniday’s thoiiglits ran intuitively into exj)orimental combina- 
tions, so tliat subjects ^^lloso ca])acity for cxperiuKuital treatment 
would to ordinary minds st^em to be e\hau‘^ted in a moment, were 
shown by )iim to be all but inexhaustible, lie lias now an obj('(‘t in 
view, the lirst step towards uhich is tlie proof that the j^riiiciplc of 
Archimedes is true of magnetism. Ho forms magnotic solutions of 
various degrees of sfrength, places them b(‘tw(‘en the ])()les of liis 
niagm t, and suspends in the solutions various iimgmtie liodies. lie 
proves tliat when the solution is stronger than the body plunged in 
it, the body, tliough magnetic, is lepcdlod; aud when an elongated 
piece of it is surroundidby the solution it sets, like' a diamagnetic 
bo<ly, eepiatorially betu’ceui tho excited iioles. Tlie same' body wluui 
suspeuided in a solution of weaker magmdie power than itsclT is 
attracted as wdiole, while an (dongatcMl portum of it sets axially. 

And now theoretic qiu'stioiis rush in iqion him. Is this new 
force a true repulsion, or is it iicTcly a dilhivntial attraction? 
Might not the apparent repulsion of diamagnetic bodies be really 
due to the greater attraction of tho medium by which they arc sur- 
rounded V ife tries the ran faction of air, but finds the ollect in- 
sensible. Ho is averse to ascribing a capacity of attraction to space, 
or to any hy]K>thctical medium supjiosed to fill space. He tluucforo 
inclines, but still with caution, to tlio opinion that tlu‘ action of a 
magnet upon bismutli'is a true and ab.solnt(‘ repulsion, and not merely 
tho result of ditfercntial attraetion. Aud then he clearly stall s a 
till ‘on tic view sufficient to account for the iihenomona. “ Theon ti- 
cally,” he sayS explanation of the movements of the diamagnetic 
bodh^s, and all the dynamic phenomena consequent upon tin* aetimi of 
magnets upon them, might bo offercnl in tho suiiposition tliat magnetic 
induction caused in them a contrary state to that which it produced 
in ordinary matter.” That is to say, while in ordinary magnetic 
influeneo the exciting polo excites adj'aei'nt to itself the contrary 
magnetism, in diamagnetic bodies tho adjaci'iit magnetism is tho 
same as that of the exciting pole. Idiis theory of reversed polarity, 
howT^ver, docs not appear to have ever laid deep hold of Fm-aday’g 
mind ; and his own experiuuuits faih‘d to give any evideneo of its 
truth. He therefore subsequently abandoned it, and maintained tho 
non-polarity of tli^ diamagnetic force. 

He then entered a new, though related field of inquiry. Having 

* ^cc ‘ Heat as a Mode of Motion,* ilrcl edition, § 
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dealt with the metals and their compounds, and having classified all 
of them that came within the range of his observation under the two 
heads magnetic and diamagnetic, ho began the investigation of the 
phenomena presented by crystals when subjected to magnetic power. 
The action of crystals had been in part theoretically predicted by 
Poisson,* and actually discovered by Plueker, whose beautiful results, 
at the period which we have now readied, profoundly interested 
all scientific men. Faraday Lad been frequently puzzled by the de- 
portment of bismuth, a highly crystalline metal. Sometimes elongated 
masses of the substance refused to sot cquatorially, sometimes they set 
persistently oblique, and sometimes <‘ven, like a magnetic bo<ly, from 
pole to polo. “ The ellect,” he says, occurs at a single pole ; and it 
is then striking to observe a long piece of a substance so diamagnetic 
as bismuth rt'pcllcd, and yet at the same moment set round with force, 
axially, or end on, as a i^ieco of magiietii' substance would do.” The 
effect perplexed him; and in his efforts to release himself from this 
pc'rplexity, no feature of this no\y manifestation of force cscqied hm 
attention. His experiments are described in a memoir communicated 
to the Koyal Society on the 7th of Di'cembor, 1818. 

I have ’ 1 long myself at magne-crystallic action, amid all 
the light of Faraday’s and Plueker ’s researches. The papers now 
before me were objects of daily and nightly study with me eighh'en 
or nineteen years ago ; but even now, though their perusal is but the 
last of a series of repetitions, they astonish me. Every circum- 
stance connected ^vith the subject ; every shade of deportment ; ev(‘ry 
variation in the energy of the action ; almost every ajiidication which 
could possibly bo made of magnetism to bring out in detail the cha- 
racter of this now force, is minutely described. The field is swept 
clean and hardly anything experimental is left for the gleaner. The 
phenomena he concludes are altogether dilferent from those of mag- 
netism or diamagnetism; they would a 2 )pcar in fact to present to us 
“ a now force, or a new form of force, in the molecules of matter,” 
which for convenience sake he designates by a new w^ord, us “ the 
magne^crysiallic force.” 

He looks at the cryshil acted upon by tlic magnet. From its mass 
ho passes, in idea, to its atoms, and he asks himself whether the power 
which can thus seize upon the crystalline moleeules, after they have 
been fixed in their proper j^ositions by crystallizing force, may not, 
when they are free, be able to determino their aiTangcmcnt ? He 
therefore liberates the atoms by fusing the bismuth. He 2 >laces the 
fused substance between the poles of an electro-magnet, poweifully 
excited ; but ho fails to detect any action. I think it cannot 1)6 
doubted that an action is exerted here, that a true cause comes into 
play ; but its magnitude is not such as sensibly to interfere with the 
force of crystallization, which, in comparison with tlie diamagnetic 
force, is enormous. “ Perhaps,” adds Faraday, “ if a longer time 

* Sec Sir Willinm Tliom.son on ^lagno-oi\s<alIic Action, * Phil. Mng.,’ ISf)!. 
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were allowotl and a permanent magnet used, a ))otter result miglit l)o 
obtained. E had built many hopes upon the process.” This expression, 
and his writings abound in such, illiistnites what Las beciii already 
said regarding his experiments being suggested and guided by his 
theoretic conceptions. Kis mind was full of hopt^s and hy])()lli(\ses, 
but ho always brought tliem to an exporiimuital tost. The record of 
his planned and cxeciitotl experiments would, 1 doubt not, show a 
high ratio of hopes disappointed to hopes 1‘ulhlled ; 1ml (wcry case of 
fultilment abolished all memory of defeat; disa2)poinl iiKuit wa-^ swal- 
lowed up in vietory. 

After the description of tlo* gen ‘nd .-li.ir.ictrr (‘f tin-* luwv lnicr‘, 
Faraday stalt s with the emphasis repriul need its mode of a(‘tion : 
“ The lao) of action appears to be tli.it ilm linn or u t/.s of m m.ne-^'uystal- 
hio force (being the resultant of the action of all llic molt cubs) tnnds 
to 'place itself parallel^ or «« a taiujnnt^ to the niaonrtic cm re, or hnr of 
magnetic furce, passing throiujli the place where the crystal is situated ” 
The magne-crystallic force, moreover, aj)pears to him “ to ho clearly 
distinguished from the magmdic or diamagnetic forc( s, iu Dial it 
causes neither ainu’oach nor recession, (*ousistiiig not in attraction or 
repulsion, but in giving a certain determinate position to the in.iss 
under its influence.” And then he goes on “ very carefully to exaruino 
and prove the conclusion that there was no eoiinection (d‘ the force 
with attractive or repulsive influences.” Witii the most a fim d 
mgemuity ho s]^ow^s that, under cort.iiu circumsbiueos, th(> magii 
crystallic force can cause tlio centre of gravity of a highly uu»_;iutlc 
body to retreat from the pol(‘s, and the centre of gravity of a liighly 
diamagnetic body to iiptu'oach them. Ilis experiment'^ n ot his mind 
more and more firmly in the conclusion that it is ‘"m'ldier attiMctioa 
nor repulsion causes llio set, or governs the final position ” of tlie 
crystal in the magnetic hold. That the force* whicli do("; so is tliore- 
foro “distinct in its cliaractcr and ehVets from the magiu'tic and 
diamagiietie forms of force. On thc.othcr hand,” he ct>iitiruu*s, “it 
has a most manifest relation to the crystal line* structure of liismuth 
and other bodies, aii<l theri'fore to the power by wliieli their mole- 
cules are able to build up the crystalline masses.” 

And here follows one of those expressions which char.‘Leteri/e tlie 
conceptions of Faraday in regard to fiu’ce g< rievally : It appears to 

me impobsiblo to (joneeive of tluj results in any otlu*!* w.iy than by a 
mutual reaction of tlie magiu'th; force, and tlie foj*ce of tin* particles 
of the crystal upon eac*h other.” He proves tliat the action of the 
force though thus molecular is an ac*tion at a <list:inei‘ ; lie shows 
that a bismuth crystal can cause a freely suspi iidul magnetic needle 
to set parallel to its inagnc-crystallie axis. Few living men aro aware 
of the difficidty of obtaining ix^sults like tin’s, or ()f the didieaey ne®('ssary 
to their attainment. “But though it thus taki'S up llic character of a 
force acting at a distance, still it is duo to that power of tlie particles 
which makes them cohere in regular order and gives the mass its 
crystalline aggrogatitm, which we call at other times the attraction 
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of agpirogation, and so often speak of as acting at insennlihle distances.’' 
Thus ho hroods over tliis new for<*o, and looks at it from all possible 
points of inspc'ction. Exjv-riinent follows experiment, as thouglit fol- 
lows thought, lie will not n linqnish the snhj'^et as long as a hope 
exists of throwing imn'e light upon it. II»* kmnvs full well the ano- 
malous nature of the conclusion to which his experiments lead him. 
But f'xperimerit to him ie* final, and he uiJl not shrink from llio 
conelu.^ion. “ ddiis lorc<‘,'’ he says, “■apj»ears to me to he vcTy strange 
and striking in its charachT, It is not polar, for there is no attraction 
or r(‘pulsion/’ And tluei, as if '^tallied by Ins on n ntt(‘raTU'e, lie adds: 

- What is the iialni (‘ of th(‘ nu'chaniralforc**' \\hieh turns tlie eiwstal 
round, and nialo'S it aif < t a inagm 1 dr) not rem(‘mi)(T,'’ 

ho eontinues, “ hewdofniv^ such a ea>e of force as the pia^sauit one, 
wheio a hraly is bj ought into p«’.~ition only, 'vitlnmi attradioji or 
tepnlsion/' 

Plurker, tie* celcbrabd gvH/inrtd* alie*idy im nlinnf'd, who pursued 
cv]>crimeutal phy^'ics for many y(‘ars of lii^, lib* nith singiilai di-votion 
and IK cess, visited Eaiaday in those days, and repeated hefoie him 
his 0(‘}i!itifiil (‘xperinunts on magneto optic action. Faiaday i('p(‘at(‘d 
and vcilfier? kn’s ohsr )-v.itions, and eon'lud-d, what lie at first 
sceiiK'd to doubt, that Plucker s results and magne-i* ly stall ic action 
have the same oiigin. 

At the end of his papers, when In* talo'S a last look along tlie line 
of rcrtfaioh, and then turns his eyr ^ to tlr^ futuw*, utt< ranees ^piite as 
iuu(*h emotiruiol as jcirntifie escape fjom Faraday. cannot," he 
says, at thi-end of his first i)a[)cron luagiie-ei ystallie action, conclude 
this series of resi'nreiu's without K'luarkiug ho\Y ra])idly the knowh'dgr' 
of molocuhir fou'es gi-owh upon ns, and how stiikingly every investi- 
gation b'lids to develo]) more and more tlu'ir iiuportamx*, and thr*ir 
extreme attraction ns an ohjfS’t of study. A lew yi'ars ago magnetism 
was to ns an oeenlt j)ow( r, atl( eting mily a bodies, now it is found 
to influ(*ne(‘ all bodies, and to [ioss(‘ss tlui most intimate relations with 
(‘leetrieity, heat, elieniieal action, bght, erystallizatiou, and tliiough it, 
w ith the fold s eoiH'orm tl in cohesion; and we ma^ , in tin* presi'iit 
siat(' of tilings, well fr'<‘l nrged to contiioK' in onr labours, eueouragt'd 
by llic }K>])e of bringing it into a bond of union witli gravity itself.” 

SujtpJt niL Ilia rtf liduml's. 

A 1)1 iof space will, pirlmps, bo granted me h(*ro to state the 
further progress of an imtstigation which intercstid Faraday so much. 
Drawn by the fanu' of Bunsen as a ti’aeh(*r, in tho year 1H18 I hoeame 
a student in the ITniversity of Marburg, in Hesse- (^assel. Bunsen 
behaved to me as n l)rotlu*r as well as a tc'aeher, and it w^as also 
my ha[ipin('ss to make the aerpiaiiitanee and gain tho friend'^hip of 
Trofessor Knobliueh, so highly distinguished by his researehos on 
Barliant Ib at. Jdiiekor’s and Faiaday's investigations till(*d all minds 
at (he tinio, and towards tho end of 1810, Frob'ssor Knoblauch and 
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myself commenced a joint investigation of the entire question. Long 
discipline was necessary to give us duo mastery over it. Employing 
a metliod proposed by Dove, we examined the oi)tical properties of 
our crystals ourselves ; and tlu‘sc optical obsorvatit)ns went band in 
hand with our magnetic experiiiu'uts. TIk' number of tliose experi- 
ments was very great, hut for a considerable time no fa(‘t of importance 
was added to those already publisliod. At length, however, it was 
our fortune to meet wdth varioius crystals uhoso (h'portment CiUild not 
be brought und('r the laws of magiie-crystallic action enunciated by 
Pliickor. We also discovered instances wliicli led us to suppose that 
the magnc-crystaliic force uas l)y )io nusins independent, as alleged, 
of the magnetism or diamagnetism of the mass of the crystal. Indei'd, 
the more wo worked at the subject, tlie more clearly did it a])])eiir to 
us that the do 2 )orlment of crystals in the magnetic iield was due, not 
to a force previously unknown, but to tlie modification of the known 
forces of magnetism and diamagnetism hy crystalline aggi*( gation. 

An eminent exanqde of magne-(*ry.st.illie action adduced by 1 ‘bicker 
and experimented on by Fuiaday, was let-land spar. It is what in optics 
is called a negatirc (‘rystal, and according to the law of Plncker, the 
axis of such a crystal was alwa^'S rojicllcd l^y a magnet. lint w'o 
showed that it was only necessary to substitute, in wJiole or in part, 
carbonate of iron for carbonate of lime, thus changing tlu‘ niagiu'tic 
but not the optical character of the crystal, to cause the avis to bo 
attracted. That tlie deportment of magnetic crystals is exactly anti- 
thetical to that of diainagiu'tic crystals isomorphous with tli(‘ magnetic 
ones, was proved to be a general law of action. In all ease's, the line 
w'hii'h in a diamagnetie crystal set equator ially, always set itself in 
an isomorphous magmatic crystal axially. By mechanical compression 
other bodies were also made to imitate the Iceland s])ar. 

These and numea’ous otluT results hearing upon tlu' qnc'stion w'c'i’O 
imblislied at the timo’in tlie ‘ Phi losoj) Ideal IVLigaziiui’ and in ‘ Pog- 
gendolf’fl Annalen ; ’ and the investigation of dianiagm'tism and niagui'- 
crystallic action was snhsecpiently continued by me iu fh(‘ laboratory 
of Professor Magnus of Berlin. In Deeemls'r, 1851, after I had 
quitted tTcrmany, Hr. Bence Jones wont to the Piaissiaii capittil to 
see the celebrated exporiuieiils of Du Bois Iveymoiid; and intiueiiced, 
I suppose, hy what he heard, he aftcrwwrds invited mo to give a 
Friday evening discourse at the Boyal Institution. T consented, not 
witliout fear and tremhling. F\)r the Boyal Institution was to mo a 
kind of dragon’s den, wliere tact and strength would he necessary to 
save me from dcbti-uction. On F'ebrnary 11, 18513, the discoiu’sc was 
given, and it ended happily. I allude to these things that I may 
mention that tliough my aim and object in that lecture was to Biibvcrt 
the notions both of Faraday and Pluciker, and to cstablisli it oppo- 
sition to their views what I regarded as the truth, it was ycry far 
from producing in Faraday either enmity or anger. At the con- 
clusion of the lecture, he quitted his acciistomc'd seat, crossed the 
theatre to the corner into which I had shrunk, shook me by the hand, 
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aud brouglit me back to tho table. Once more, subsciiucntly, and in 
oojiiioctiou with a related (^ucbtion, T ventured to differ from him still 
more emphatically. It was done out of trust in the greatness of his 
character; nor was the trust misplaced, lie felt my public dissent 
from him ; and it pained mo afterwards to the quick to think tliat I 
had given him even momentary annoyance. It was, however, only 
momentary. Uis soul was above all littleness and proof to all 
egotism. He was the same to mo iifhTwards tljat h(‘ had been before; 
tho very chance expression which l(‘d me to conclude that he felt my 
dissent being one of kindness ami affection. 

It required long subsequent effort to subdue the complications 
of magnc-crystallic action, and to bring under the dominion of ele- 
mentary principles tlio vast mass of facts wliicli the exiH-riim nts of 
Faraday and Plucker had brought to light. It \^as proved ])y Reich, 
Edmond llecqiierel, and myself, that the condition of diamagnetic 
bodies in virtue of whicli tiny were repelled by tin' poh'S of a magnet, 
was cxciled in them by tlioso imles ; that the strengtli of this condition 
rose and fell with, and was proportional to, th<' stnuigth of th(‘ acting 
niiignet. It was not tlum any property possessed p( rinauiuitly by the 
bismutli, nnd *,bhdi imaely rc'qnired the devdopment of magnetism to 
act upon it, that caused tlu' rcj)ulsion, for tluai the repulsion w^ould 
have 1)(‘<‘U simply proportional to the stri'iiglh of the iidliiLiicing 
magTK't, w'liercas experiment proved it to aiignit nt as the square of 
tlie stnaigtli. Tlu‘ oapaeify to be ivqulled was tlioreforo not iiiho- 
remt in the bismuth, but iudnrcd. So far an identity of action w\as 
cstabLsbed between magnetic and diamagmdic bodi(‘S. After tliis the 
deportim‘ut of magnetic l)odics, “normal” and “ahuormal,” crystal- 
lim*, am(>r[)lious, and coinju’essed, Avas com])ared with that of crystal- 
line, amorplioiis, and compressed diamagnetic bodies ; aud by a series 
of experiments, executed ni the laboratory of tliis Iiistitutiiui, theim^st 
complete antith('sis was established between magmdism and diamag- 
netism. This antithesis embraced the quality of polai’ii}", — the theory 
of rover sed polarity, lirst propound(‘d by Faraday, being proved to bo 
true. The discussion (»f tlie question was viuy brisk. On tho conti- 
nent Professor Wilhelm Weber was the ablest and most successful 
supporter of tlie doctrine of diamagnetic polarity ; and it A\as with an 
apparatus, devised by him and constructed under his own saiperiu- 
tcndcuce, by Leyser of Leipzig, tliat the last demands of tlio oppo- 
nents of diamagnetic iiolarity ivcrc satisfied. Tho establishment of 
this ]>oint was absolutely necessary to the explanation of luaguc- 
crystallic action. 

With that admirable instinct whicli always guidtd him, Faraday had 
soon that it was possible, if not probable, that tho diamagnetic force 
acts wdth different degrees of intensity in different directions, through 
the mass of a crystal. In his studies on electricity ho had sougiit an 
cxpcnnicntal rcqily to the question whether crystalline bodies hud not 
different spocitic inductive capacities in different directions, but he 
failed to establish any difference of tho kind. Ilis first attempt to 
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establish difforonccs of cliamagiiotie action in dillbrent directi(*n8 
tlnough bi&inntli, was also a failuro: but ho must have felt this to 
bo a point of cardinal importance, for ho retnincd to tlio subject in 
lS 50 , and proved that bismuth was ropollod with difforent degrees of 
foico in different directions. It seemed as if tbo crystal were com- 
pounded of two diamagnetic bodies of different strengths, the substiinco 
being more sti’ongly repelled across the magno-crystallic axis than 
along it. The same result was obtained independently, and extendf'd to 
various other bodies, magnetic as well as diamagnetic, and also to cora- 
pressi d substances, a litth' subsequently by myself. The law of action 
in rebtion to tills point is, that in diamagiu'tic cr}s.t.ils, the Tiu' along 
which the r pulsion is a maximum, sets equatorially in the iiiagiiotic 
tit Id; while in magnetic crystals the lino along which the attraction 
is a maximum sets fiom polo to pole. Faraday had said th.it the 
magne-ci 3’stallie fercc W'as iieitlu r attraction nor repulsion, ddius far 
he ivas rigid. It was neither, taken singly, hut it uhih ho^li. lly the 
combination of the doctrine of diamagnetic jxdai ity Avith t]ics(‘ dif- 
feitiilial attractions and repulsions, and by paying due regard to tho 
cl 4 actor of the magnetic field, every fact brought to light m the 
doTU’dn of magno-erystallic action received complete explanation. 
ILe rmst poijdexing of those facts were shown to result from tho 
aetiou 0*'' mcehau oal couples, which tho pioved polaiity la th of mag- 
r.' tism -nri dj'^.magnctism brought into play. ludetd tlio th'>roughm ss 
with Avhieh tlio ^xptunments Faraday were thus explained, is the 
^ti.hirg pcssillo demonslraiion of tho rjuivdlous i)iecibion wiih 
wLicL Ti 0/ ’ 3 execrated. 


]\]r ’ of Fii-ro ami Gases: Atm(f^j}ht t ie h'sm. 

Wlaii an experimental result was obtained by Faraday it was 
iiisirntly ( nbrg. A by his imagination. I am acquainted Avith no mind 
whose poAver and suddenness of expansion at the touch of new Jiliysi- 
cai tvutli could be ranked Avitli his. Sometimes 1 have compand tho 
action of his cA'perinunts on liis mind to that of highly comliustiblo 
matbr thrown into a furnace: every fresh (uitry of fiiet was accom- 
panied liy the immediate development of light and heat. Tlie light, 
Avhich Avas intidlectual, enabled liim to see far beyond the boundaries 
of the fact itself, and the beat, which was emotional, urged him to the 
conquest of this n(*wly- revealed domain. Hut though tlie force (if his 
imagination Avas enormous, lie bridled it like a miglity rider, and never 
permitted his intellect to be ovcrHirown. 

In virtue of tho expansive power Avbicb his vivid imagination 
conferred upon him, ho rose from the smallest boginningi to tho 
grandest ends, llaving heal’d from Zantedeschi that Bancalari had 
established the magnetism of flame, lie repcaWd the experiments and 
augmented the results. Tic passed from flames to gases, examining and 
revealing their magnetic and diamagnetic powers ; and then he sud- 
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denly rose from his bubbles of oxygen and nitrogen to tho atmospheric 
envelope of the earth itself, and its relations to the great question of 
terrestrial magnetism. The rapidity with which these ever-augment- 
ing thoughts assumed tho form of experiments is miparalleled. His 
power in this respect is often best illustrated by his minor inves- 
tigations, and, perhaps, by none more strikingly than by his paper 
“ On the Diamagnetic Condition of Flame and Gases,” published 
as a letter to Mr. Hi chard Taylor, in ‘ The Philosophical Magazine ’ 
for December, 1847. After verifying, varying, and expanding tho 
results of Bancalari, he submitted to examination heated air-currents, 
l)roduced by platinum spirals, placed in tho magnetic field, and 
raised to incandcsoenco by electricity. Ho then examined the mag- 
netic deportment of gases generally. Almost all of these gases are 
invisible ; but he must, nevertheless, track them in their unseen 
courses, lie could not eftect this by mingling smoko with his gases, 
for the action of liis magnet upon the smoke would have troubled his 
conclusions. He, therefore, “ caught ” his gases in tubes, carried 
them out of the magnetic field, and made them reveal themselves at a 
distance from the magnet. 

Immcrsinj. one gas in anotlier, he determined fheir differential 
action ; I'esults of the utmost beauty being thus arrived at. Perhaps 
tho most impoi'tant are those t)htained with atmospheric air and 
its tw'o constituents. (Kumtn, in various media, was sti’ongly atti acted 
by the magnet; in eoul-gas, for example, it was i)owerfully magiictic, 
w'luu’eiis nitrxHjcn w^as diamagnetic. Some of tho effects obtained 
with oxygen in coal-gas were strikingly beautiful. When the fiuncs 
of eJiloride of ammonia (a diamagnetic substance) were mingled 
with tlio oxygen, the eloud of chloride Ixhaved in a most singular 
inaniier : “ 'fho attraction of iron filings," says Faraday, to a mag- 

netic polo is not m()ro striking than tho a])pcaranco presented by 
the oxygen under these cireumstauccs." On obse rving this deportment 
the question immediately occurs to him, -(’an we not separate tho 
oxygen of tho atmosj)here from its nitrogen by magnetic analysis 
It is tlio ]H'rpetual occui'iciieo eff such questions that iiiiuks the great 
expeiriiiieuitc'r. 'Fhe attt'inpt to analyze atmospherje air bv maguctie 
feji'ce proved a faiiun*, like the previous attem])t te) inllueucv erystal- 
lization by the magnet. Tlio eiK>rmous eomparati\e power e)f the foie*o 
of crystallization was then a^sigll( d as a r< asou for tho ineompetonce 
of the inagiU'l to deterinioe- molecular arrangeanent : in tho present in- 
stance the maguctie analysis is O]»posed by the force of diffusion, which 
is also very strong eomjiaiatively. Tlu' same reunark a2)plies to, anel is 
illustrated by, anotlier ex[)etini(Mit subst ipuaitly ( xeeuted by Faraday. 
Watin* is diamagnetic, sulphate of iron strongly magnetic. He enclosed 
“a dilute solution of sul[)liato of iron in a tube, and jdaced the hwver 
end of the tube betwei ii tlu* x><>b‘S of a powerful horseslioc magnet for 
days together,” but he could jn’oduce “ no coii^ eutration of the solu- 
tion in the part near the magnet.” Here also tho diftiisibility of the 
salt w^as too jiovverful for the force brought against it. 
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Till) oxjioriinciit last rcforml to is rocorJoil in a paper presented 
to till' lioyal Soeiety on the 2nd of August, LSf)!), in wliich lie pursues 
till) investigation of (he magnetism of gases. Newton’s observations on 
soap-bubbles were often referred to by Faraday, llis delight in a soap- 
bubble nas like that of a boy, and he ofteu introduced tliiun in his 
lectures, causing them, A\hen lilled with air, to lloat on invisible seas of 
carhonie acid, and otheiwvise employing thiun as nii'ans of illustration, 
lie now iinds them exceedingly useful in his experiments on the mag- 
netic eonilition of gases. A bubble of air in a magnetic tield occupied 
by air was unaifeeted, save through the feeble rcjnilsion of its envelope. 
A bubble of nitrogen, on the contrary, was repidkd from the magnetic 
axis witli a fnvcc far sui'iKissing that of a buljble of air. ’J'he deport- 
ment of oxygen in air ‘‘ was very impressive, tlie bubble being pulled 
inward, or towards the axial line, sharply and suddenly, as if the oxy- 
gen were li'ghlv magnetic.” 

lie next labours to establish the true magm tie zero, a problem 
not so ea^y as might at first sight be imagined. For the action 
of the magnet upon any gas, while surroundeil by air, or any other 
gas, can only be diillreutial ; and if the experiment w'ere made in 
vacuo, the action of the envelope, in this case necessarily of a certain 
thickness, would troulde the result. While dealing with this subject 
Faraday makes some note-w’ortby observations ri'garding ,y>a(‘(\ In 
refermce to the ''rorrieellian vacuum, be says, ‘‘IVrliaps it is liardly 
necessary for luc to state that I iind botli iron and bismuth in such vacua, 
jicrfectly obidicnt to the magnet. FVom such cxpei’iments, and also 
from gcm-ral ob 'Nervations and knowlcilgi', it seems manifest that tbo 
lines of iiiagiK'tic force can travel se pure space, just as gravitating force 
doi'S, and as statical eh'ctrical forces do, and therefore simeo has a mag- 
netic relation of its own, and one that we sliall probably find licrcaftei* 
to ])o of the utmost importance in natural pbeiiomcna. But this cha- 
racter of siiaci' is n(»t of the same kind us that wliieh, in relation to 
matter, we (‘ndeavnur to express by tlie tiu'ius magnetic and diamag- 
ni tic. To confuse these together would be to confound space with 
matter, and to trouble all the eonce]»tioiis by wbieli we endeavour to 
iindei'stand and work out a progressively clearer vitwv of the’ mode of 
action, and the laws of natural forces. It w'ould b(*as if in gravitation 
or electric Ibrciis, one were to confound the particles acting on each 
other with the sj)aee across which they are acting, and xvould, T think, 
shut the door to udvanccmi'iit. ]VIere space cannot act as matter acts, 
even though the utmost latitude ho allowi^d t<j tho hypothesis of an 
ether ; and admitting that hypothesis, it would be a large additional 
assumi>tioii to suppose that the lines of magnetic force are vibrations 
carriid on by it, whilst as yet wx) have no proof that time is required 
for their propagation, or in what respect they may, in general diaraeter, 
assimilate to or diffbr from tho respective lines of gravitating lumini- 
ferous or electric forces.” 

Ihirc space he assumes to bo the true magnetic zero, but be pushes 
llis inquiries to ascertain whether among material Hubstanees there 
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may not be some which resemble space. If you follow his experi- 
ments you will soon emerge into the light of his results. A torsion 
beam was susi)enJe(l by a skein of cocoon silk ; at one end of the 
beam was fixed a cross-piece 1^ inches long. Tul)(*s of exceedingly thin 
glass, filled with various gases, and hermetically seale d, were sus- 
pended in pairs from the two ends of the cross-piece. The position 
of tho rotating torsion head was such that the two tubes wer(^ at oppo- 
site sides of, and equidistant from, tho magnetic axis, that is to say 
from tho line joining tho two closely apj)roxiniated polar points of an 
electro magiu't. Ilis object was to compare the magnetic action of 
tho gases in tho two tubes. When ono tube was filled with oxygem, 
and tho other wutli nitrogen, on the supervention of tho magiu'tic 
force, the oxygon was pulled towards the axis, the niirogeii being 
juishcd out. By turning tho torsion head they could be rc'stored to 
their j>rimitivo position of equidistance', where it is evident tho 
action of tli() glass envelopes w^as annulled. Idie amount of torsion 
necessary to r(‘-establihh equidistance, expressed the magnetic differ- 
ence of the substance s comparc'd. 

And then he compared oxygen wdth oxygen at ditferent pressures. 
One of hi^' 'r d < contained the gas at tlie pressure of 30 inches of 
mercury, another at a pi’essure of 15 inches of niercuiy, a third at a 
p]’essure of 10 inches, while a fourth was exliaustod as far as a good 
air-pump renders exhaustion possible. “ When the first of these w'as 
compared with the other three, the efibet w'as most striking.*’ It w^as 
drawn towards tho axis when tho magnet was excited, the tube con- 
taining the rarer gas being ap2)ar(uitly driven away, and tho greater 
tho dilforcncc between the densities of the two gases, the greater was 
tho energy of this action. 

And now' observe his mode of reaching a material magnetic zero. 
When a bubble of nitrogen w\as exposed in air in the magnetic field, on 
the supervention of the power, the bubble retreatt'd from the magnet. 
A less acute observer would have set nitrogen down as diamagnetic ; 
but Faraday knew' that retreat in a mc'dium comi>osed in part of 
oxygen might be due to the attraction of the latter gas, instead of to 
the rc'pulsion of the gas immersed in it. But if nitrogrn bo really 
diamagnetic, then a bubbhi or bulb filled with the dense gas will over- 
come one filled with the rarer gas. From the cross-piece of his 
i^orsion-balauce ho suspended his bulbs of nitrogt'n, at equal distances 
from the magnetic axis, and found that the rart'faction, or the conden- 
sation of the gas in cither of the bulbs had not the slightest influence. 
When the magnetic force was devi*loped, the bulbs remained in their 
first position, even when ono wnsjUlcd with nitrogen, and the other as 
far as possible exhainffed. Nitrogem, in fact, acted “like space itself;” 
it w'as neither magnetic nor diamagnetic. 

lie cannot conveniently com])aro the paramagnetic force of oxygen 
with iron, in consequence of the exceeding magnetic intensity of 
tho latter substanco ; but lie docs compare it with tho sulphato of 
iron, and finds that, bulk for bulk, oxygen is equally magnetic with 
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a solutiou of tliis snbstiince in water ‘‘ containing seventeen times 
the weight of the oxygen in crystallized proto-sulphate of iron, or 
3*4 times its weight of metallic iron in that shite of combination.** 
By its capability to deflect a fine glass fibre, lie finds that the attraction 
of Ills bulb of oxygen, containing only 01 17 of a grain of the gas, 
at an average distance of more tlian an inch from the magnetic axis, 
is about equal to the gravitating force of the siuno amount of oxygen 
as expresst'd by its weight. 

These facts could not rest for an instant in the mind of Faraday 
without receiving that ex])ansion, to which I have already n ferred. 
“ It is hardly necessary,” he writes, “ for me to say here that tliis ovygen 
cannot exist in the iitiiiosiiherc exerting such a I'eniarkablc and high 
amount of magiKdie force, without having a most important influence 
on the disposition of tlic inagnetism of the earth, as a planet ; es])eeially, 
if it be remembered that its magnetic condition is greatly altered by 
variations of its density and by variations of its temperature. I 
think T see here the real cause of many of the variations of that force, 
W'hich have been, and arc now so earefiilly wiitehed on difiereut parts 
of the surface of tlic globe. The daily variation, and tlic annual varia- 
tion, both seem likely to come undiT it ; also very many of flu' irie- 
gnlar continual variations, which the photographic process of ricord 
renders so beautifully manifest. If such (‘xpectaticuis be (’onfirincd, 
and the influence of the atmosphere he found able to produce rcMilts 
like these, then w’e shall probably find a new rdation between the 
aurora borealis and the magnetism of the eai’tli, nanudy, a rtdafiou 
established, more or loss, through the air itself in (‘onnection with tlio 
space above it; and even magii(‘tic relations and variations, wliieli are 
not as yet suspected, may he suggested and rendered malr!fe,^t and 
measurable, in the furtlier dovclopmeiii of wdiat I will venture to call 
Atmosjihpric Magndlsm. maybe over-sanguine in flu so <‘X])cetations, 
hnt as yet I am sustained in them by the a])parent reality, suiiplieity, 
and suftickmey of the cauhc asMimcd, as it at pre s( nt apiicar^ to my 
mind. As soon as 1 liave siibmitttMl tlu .M* viiwvs to a dost' considera- 
tion, and the test of aix'ordancc with observation, and, wlierc apjili- 
cahlc, with experiments also, I will do myself tlie honour to bring 
them before the Loyal Society.** 

Two elaborate nK'inoirs are tluii d(‘vo1(*d to tlie suhjcc't (d* Atmo 
Fpluu’ic Magnetism ; tluj first sent to llio Itoyal Socii'ty on the Olh 
of Oc toller, and tlie .M cond on the lUth of Noveuihcr, LSoO. In tlieso 
me moirs lie discusses the cJleets of hi'iit and cold upon the magnetism 
of the air, and the action on the magnetic net die, which must result 
from thermal eliaugcs. By tb(j eonvergiuicc and divcrgiiiici' of tlio 
lines of ternstrial luagm tie force, ho shows how tlie disliihution of 
magnetism, in the eartirs atmosphere, is alVeeted. He ajiplies his re- 
sults to the explanatloii of tlic annual and of the diurnal variation : ho 
also considers irregular variations, imduding llu* action of niagiK'tic 
storms. He discusses, at length, the observations at St. l*elersburg, 
(Irccnwich, Hobarton, St. Helena, Toronto, and the (lapo of (foo<l 
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Hope ; believing that the bicts, revealed by liifi CKperimcntB, furniF»li 
the key to tlio variations observed at all tliese places. 

In tlic year 1851 1 bad the liononr of an interview willj Jlnmboldt 
in Berlin, and iiis parting \\ords to me tlieii “ T('11 Faraday that 

1 entirely agree with him, and that he has, in my o])inion, completely 
explain(‘d Ihe variation of the declination.” Eminent men have since in- 
formed me tljat IJiimboldt was hasty in e\pre‘^sing tliis (kpinion. In fact, 
F5iraday’,s nn'inoirs on atmosjduTie magnttism l()^t niiicb of their foico 
— 2 )erha 2 )s too much — through the imjxntani discovery of the re- 
lation of the variation of the d(‘clinatiou to tin' nnniber of tlic solar 
spots. But I agree w’ith liini and M. Edmond Beeqiu i’cd, who worlunl 
inde 2 )cndeiitly at this subi(‘ct, in thinking tliat a body so magnetic as 
oxygen, swathing tlie (‘aitli, and subject to vaiiations of temperature, 
diuinal and annual, must affe( t lln‘ manifestations of tiUTestrial mag- 
m^tism. The air that stands njxm a single s((uaie foot of the 
eaitli's surliK'e i^, accoiding t(» l'\uaday, tbe c(iui\al(‘nt in magnetic 
force to tSKlOlbs. of crystdlized ju oto-snljdiatc' of iron. Such a 
substance cannot lx* absolubdy neutial ns rcgaids the deportment of 
the magnetic n((‘dJe. But Faraday \ writings on this subject are so 
voliiminou , (be tlu'orftic ]H)ints aic so no\el and intricate, that 
1 shall postjHuic the comj>l('te analysis of tlx so researches to a timo 
wlieii I can lay Imld them more eomjdetcly than my other duties 
allow mo to do now*. 


SprcnlatHms : Nattnu' of Matirr : Liutfi of Force, 

Tlio scientific jiicturo of Faraday would not he eomidetc without 
a refer(‘iiee to liis S 2 x*eulative 'wiitings. Ou Friday, January 11), 
1811, he ojieiK'd the wei’lJy (‘veiling nxetings of the Royal Institution 
by a diseourse (uitith'd A sjKCulation toui'liing Eleetric Conduction 
and tlie nature of Matb'r.” lu this distxunso lie not only att(*nii)ts 
the overtlirou of Palton's Hieory of Atoms, but also the subversion 
of all (U’dinaiy seientilic idi*as legaiding the nature ami relations of 
Matt(*r and F\)ree. lb* objected to the use of tbe t(*rm vtom : — “I 
liavo not yet found a mind,” bo says, “ that did habitually sejiaratc it 
from its aeeompauyiiig h'uijit.itioiis ; aud tluii* can be no doubt that 
the W’oids d(‘liiiite juijpoi turns, eiiuivah'iit, luinies, Ac., which did and 
do fully exjiress all the farfs of what is usually called the atomic 
theory in chemistry, were dismissed because they were not oxjiressive 
enough, and did n(»t say all that w\as in tho mind of him wdio used 
tho woid atom in theii sti'ad.” 

Aniouiont will be granted me to indicate* my own view of Faraday’s 
position here. Tlie word “ atom” was not used in the stead of definite 
pvo])orti()us, ei^uivalonts, or jirimcs. These terms reiu'cscnted facts 

* This poisiiassuxi has hcoii grcatl} slu*iigthciuil h} tlic loeciit perusal of a 
paper hy Mr. Baxendcll. 
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that followed from, but were not equivalent to the atomic theory. 
Ftacts cannot satisfy tlio mind : and the law of definite combining 
proportions being once established, the question “ why should com- 
bination take place according to that law ? ” is iuevi table. Dalton 
answered this question by the enunciation of the Atomic Theory, the 
fundamental idea of which is, in my opinion, perfectly secure. The 
objection of Faraday to Dalton might bo urged with the same sub- 
stantial force against Newton C it might be stated with regard to tho 
planetary motions tliat the laws of Kepler revealed tho facts ; that 
the introduction of the principle of gravitation was an addition to tho 
facts. But this is the essence of all theory. Tho theory is tlie back- 
ward guess from fact to principle' ; the conjecture, or divination re- 
garding something, which lies behind the facts, and from which they 
flow in necessary sequence. If Dalton’s theory then account for the 
definite proportions observed in tho combinations of chemistry, its 
justification rests ui)on the same basis as that of the principle of 
gravitation. All that can in strictness be said in either case is that 
the facts occur as if the principle existed. 

The manner in wliich Faraday himself habitually deals with his 
hypotheses is revealed in tliis lecture. He incessantly employt‘d tliem 
to gain experimental ends, but he incessantly took them down, as an 
architect removes the sealfolding when tho (‘difi(‘o is comph^tc. “ I 
cannot but doubt,” ho says, “that he who as a mere philosopher lias 
most power of penetrating the secrets of nature, and gnessini/ hj 
thesis at her mode of working, will also be most careful for his own 
safe progress, and that of others, to distinguish the knowiedge which 
consists of assumption, by which I mean tlu'ory and hypotliesis, from 
that which is the knowiedge of facts and laws,” Faraday himself, 
in fact, was ahvays “guessing by hyiiothesis,” and making theoretic 
divination the stcppiiig-:»toue to his experimental results. 

I have already more tlian once dwelt on the vividness with which 
he realized molecular conditions : we have a fine example of this 
strength and brightness of imaginathm in the present “ speculation.” 
He grapples with the notion that mattcT is made up of particles, not 
in absolute contact, but surrounded by interatomic space. “ Space,” 
he observ(js, “ must be taken as the only conthiunus part of a body 
so constituted. S])aee will jiermcate all masses of matter in every 
direction like a net, except that in place of meshes it will form cells, 
isolating each atom from its neighbours, itself only being continuous.” 

Let us fidlow^ out this notion ; consider, ho argues, the case of a 
non-conductor of electricity, such for example as sliell-lae, with its 
molecules, and their in ter molecular sj)aces running through tho mass. 
In its cahc space must bo an insulator; for if it were a conductor it 
would resemble metallic iveh” penetrating the lac in every 

direction. But the fact is that it resembles the w^ax of black senling- 
wax which surrounds and insulates the particles of conducting carbon, 
interspcrs(id throughout its mass. In the case of shell-lac, therefore, 
sjntcc is a a insulator. 
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But now take tlio case of a conducting metal. Hero wo liavc as 
before, the swathing of space roimd every at(nn. If space he an in- 
sulator there can be no traiismission of electric'ity from atuJii to atom. 
But there is traiisinission ; hence is a condiicfor. Thus he eiul(\a- 
vours to lianipor the atomic theory. “ The reasoning,” he says, “ (‘inls 
in a subversion of tliat theory alt()gether ; for if space Ik* an insulator 
it cannot exist in condu(*ting bodies, and it* it ho a conductor it cannot 
exist in insulating bodies. Any ground of rc'asoning,” he a^lds, as if 
carried away by the ai dour of argnimuit, “ which tends to such con- 
clusions as these must in itself bo false. ’ 

He then tosses the atomic theory from horn to horn of liis 
dilemmas. What do we know, he asks, of the atom ajnirt from its 
force? You imagine r nucleus wdiich may bo called n, and surround 
it by forces wliicli may be called m; “ to my mind ihc a or nucleus 
vanislu'S, and tlie substance consists in Ihe powers of ?//. And iudet*d 
what notion can we form of Uie nucleus imh'pemleiit of its pow(*rs? 
What tliouglit rcuiiains on wdiich to hang the imagination of an a in- 
dep('ndent of tin* acknowdi'dg(‘d forces.” Tu'ke Uoscovieh ho abolishes 
the atom and puts a ‘‘ c(‘ntre of force” in its i>lace. 

With h'^'*'.- Lil courage and sincerity he pushes his view to its 
utmost consequences. “ This vkwv of the constitutioii of matter,” ho 
eontiniK s, “would seem to involve necessarily tlie conclusion that 
matter fills all space, or at least all space to whicli gravitation (‘\leiuls ; 
for gravitation is a property of matter dcpendejjt on a certain force, 
and it is this force wliich constitutes the mattiT. Tn that view matter 
is not merely mutually penetrable f but each atom (‘xtends, so to say, 
throughout the wdiole of the solar system, yet always ri*taining its 
own centre of force.” 

It is the op(‘ratiou of a mind tilled w' it] 1 thoughts of this profound, 
strange, and subtle cliaractc*!* that wxi have to take into account in 
dealing with Farailay’s lahu’ res(‘archcs. A similar cast of thought 
pervades a letter addressed by Faraday to IMr. llichard Pliillips. iind 
published in tlic ‘ IMiilosophical IMagazim*’ for j\lMy, iMfC). It is en- 
titled ‘ Thouglits on Jhiy-vibrations,’ and it contains oiu* of the most 
singular speculations that ever (*manated from a scieiitilic mind. It 
must bo remembered here, that though J<\iraday lived amid such specu- 
lations he did not rate tlu'iii highly, and tliat he was prt'pared at any 
moment to change them or let them go. 'Idiey spurred him on, but 
they did not hainpiT him. His theoretic m>tions were Jbivnt ; and 
when minds less plastic than his own attempted to l•(‘ndf*v those 
Iluxional images rigid, he rebelled, ife warns riiillips, mortover, 
that from first to last “he merely threw out as matter for sjieculation 
the vague imju’essions of his mind ; for he gave nothing as the i*esult 
of sufficient consideration, or as the settled conviction, or even pro- 
bable conclusion at wdiich ho had arrived.” 

* Ho compan'S tlio iiitorpcnctrntioTi uf two ntonis to the oonlosocuco of tw'o di&- 
tinct waves, which Ihoagli for a moment blondod to a .single mass, prcsirve their 
individuality, and afterwardH .sopar.ite. 



104 LIBRARY OF SCIENCE 

Tho gist of this communication is that gravitating force acts in 
lines across space, and tliat the vibrations of light and radiant heat 
consist in the tremors of these lines of force. “ Tins notion,” he says, 
“ ns far as it is admitted, will disjioirse with the ether, which, i}i an- 
other view, is supposed to be tho medium in which these vibrations 
take ])lace.” And he adds fiu*t]ier on, that liis view “ endeavours to 
dismiss* the ether but not tlie vibrations.” The idea here set forth is 
the natural sui)plemont of his previous notion that it is gravitating 
force wliicli constitutes matter, each atom extending, so to say, through- 
out the uliole of the solar system. 

The lett(T to Mr. J'liillij>s winds up with this beautiful conclu- 
sion - 

“ I think it likely that I have made many mistakes in tlic jaeceding 
pages, lor even to iny ideas on lliis point apjiear only as the sliadow of 

a speculation, or as one of these im[»ressions upon the mind whieli an* allow- 
able for a time as L;uidi*s to thought and research. He who labours in experi- 
niofit.il inqniiies, knows how in mu runs tluse are, and how oiten their ap]>arent 
filiu'hs and heauly vanish before the progress and tlevelupment of real natural 
tniih.” 

L(‘t it tlien be remembered that Faraday entertained notions re- 
garding matter and force altogi ther distinct from the views generally 
held by sci(*utitic men. Force seemed to him an entity dw’idling along 
the lino in which it is exerted. Tho lines along which gravity acts 
betw’een tin* sun and earth seem figured in his mind as so many (dastic 
strings : indeed he acccids the assumed instantamdty of gravity as 
the (‘Xpres^ion of the t'normous elasticity of tho “ linos of w^'ight.” 
{Such \ iows, fruitful in tho case of magnetism, barren as yet in the case 
of gi*avity, explain his cli’orts to transform this latter force. * When ho 
goes into the open air and jicrmits his helices to fall, to Ids mind’s 
eye tliey are tearing tlirough tho lines of gravitating pown*!’, and 
In uco his liope and conviction that an cflect w'ould and ought to be 
produced; It must ever be borne in mind that F'araday’s difficulty 
in dealing with these conceptions w\as at bott(mi the same as that of 
Newton; that he is in fact trying to overleap this difficulty, and with 
it probably the limits pn'seribed to tbe intellect itsidf. 

The iduL of lines of magnetic force was suggest(*d to Faraday hy 
the linear arraiij^c ment of iron filings wdien scatter'd over a magnet. 
He spoaks of and illustrates by sketches, tlie dc*flection, both con- 
vci'gent and divergent, of tho lines of force, when they pass respec- 
tively throiigli magii(*tic and diamagnetic bodies. These notions of 
conccntrati(ui and diveigeiice are also based on tin* direct observation 
of his tilings. So long did he brood upon these lines; so habitually 
did he associate them with his exj)erim<*uts on induced currents, that 
tho association became ‘‘ indissoluble,” and he could not think without 
tliem. “ 1 have bc( n so acc.ustomcd,” ho writes, “ to employ them, 
and especially in my last researches, that I may have unwittingly 
become i)rr*judic(*d in their favour, and ceased to bo a clear-sighted 
judge. Still, 1 have always endeavoured to make experiment the test 
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and controllor of theory and opinion; but neither by that nor l)y 
close croKR-oxamiimtion in principle, liave I been jiiade aware of any 
error involved in tlieii* use.” 

In his later r(‘scarch(‘s on niagno-erystallic action, the idea of lines 
of force is extensively ein])loy(‘d ; it ind(‘cd led him to an expc'rinient 
whiclj lies at the root of tlie whole fjiicstion. In his subs(‘qnent re- 
searches on Aimosjdierie TMaj^’iU'tism fluj idea rec('ivcs still uidcT ai)pli- 
cation, sliowinj^ itself to bo wonderfully llc'xihle and eonv(“ni(‘nt. Lnleed 
without tliis concejdioii the att(‘nif)t to seize ui)on Uk* maf^niellc actions, 
possible or actual, of tlio atniospluTc would })e difllciilt in the extreme ; 
but tlu'- notion of lines of force, and of tlu'ir dlven,a‘nc(' and couv(T- 
gence, guides Faraday without perphixily Ihioiigh all the iiitri(*aeies 
of the question. After tlio comph'ticui of lhos(‘ resc.aclies, and in a 
paper forwarded to the Royal Society on the '2:2nd of October, 1851, 
he devot'cs himself to the formal d<‘velopm( nt and illusti-ation of his 
favourite idea. TJie paper b(‘ars the tith‘ *' On lijjt s of magnetic foi‘cc, 
tlieir delinite charaetc'r, and their distribution within a magnet and 
through space.’* A deep retl(‘ctiven(‘ss is tlu^ charaetcTistic of this 
iiK'moir. In his c\j)eriments, which ar(‘ pcudcctly l)caiitirnl and ju’o- 
fomidly su'<‘'f, five, he takes but a secondary deliglit. llis oltjcct is 
to illustrate the utility of his conc(*ption of lines of force. ‘’The 
study of these lines,” ho says, “has at diilcnuit times gn'atly 

intluential in ](3ading me to various results which 1 tliink jirove their 
utility as well as fertility.” 

F\iraday foi* a long period used the lines of force mcTcly ns “ a 
repres<‘ntative idea.” lie soem(‘d for a time averse to going fuither 
in expression than th(' lines tlaanselves, however miieli furtluT he may 
have gone in idr'a. That lu' believeal tliem to exist at all tinu s i‘onnd 
a magnet, and iiT('Spectiv(> of tla^ existence of magiudic inatt(‘r, such 
as irem tilings, cvtiTJial to the niagnd, is certain. No doubt the ^2)ace 
round every inagm't prc'sentod itself to his imagination ns traversed 
by loops of magnetic ]){)wer, but ho was chary in speaking of the phy- 
sical substratmn of those loops. Indeed it may bo dtuibtcd w’hether 
tlio phjj^iral ihnnif of lines of force presented itsidf with any distinct- 
ness to his own mind. The pos.>ibh‘ complicity of tlie luminiferous 
ether in magnetic ])henonu‘na was certainly in his thoughts. “How 
tlio magnetic force,” he writis, “is transferred through bodies or 
thiough space wc know not ; wludher the result is merely action at a 
distance, as in the case of gravity ; or by some interme diate agency, 
as in the case of light, hciat, the electric current, and (as 1 believe) 
static electric action. The idea of magnetic fluids, as apjAied by 
some, or of magnetic centre's of action, does not include that of the 
hitter kind of transmission, hui the uh a of lines of force ilots'" And 
he continues thus: —“I am more inclined to the notion that in the 
transmission of the [magm'tic] force there is such an action [an in- 
teTinediate agency] e\t(‘rnal to the magnet, than that the effects are 
merely attraction and repulsion at a distance. Such an affection way 
be a function of the ether ; for it is not at all unUhcly ihat^ if there he an 
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ether, it should have other uses than simply the conveyance of radiations.” 
When ho spctaks of the magnet in certain cases, “ revolving amongst 
its own forces,” he apjicars to have some conception of this kind in 
view. 

A great part of the investigation completed in October, 1851, 
was taken up with the motions of wires round the i)olcs of a magnet, 
and the converse. He carried an insulated uire along tlio axis of a 
bar magnet from its pole to its equator, where it issued from the 
magnet, and was bent up so as to connect its two ends. A complete 
circuit, no part of which was in contact with the magnet, was thus 
obtained. lie found that when the magnet and tlio external \\ire 
Avere rotated together no cuiTent was produced ; uluu’cas, wlnm either 
of them WHS rotated and the otlier left at rest currents ueie evolved. 
He tlien abandoned the axial wire, and allowed the niagm t its(‘lf to 
take its place ; the result v, as the s.ime.^ It was the Jv/oZ/rc mntioii 
of the magnet and the loop that was elfectiial in producing a eurre nt. 

The lines of force have their roots in the magnd. and though tlu'y 
may expand into inhiiito space, they ev<‘ntually rc'tuiii to the magm t. 
Now these lines may ho intersected close* to tlu* magnet or at a 
distance from it. J^^iraday finds dii^tinirt to he ])eifectly imma- 
terial so long as the nimher of lines inteiscclcd is the same. I'or 
example, when the loop connecting the equator mid the polo of his 
bar-magnet performs one complete revolution louiid the magm t, it is 
manifest that all the lines of force issuing from the magiu t iiu* tnire 
intersected. Now' it matters not whether the loop he tin feet or ten 
inches in length, it matters not how it may be twisted and I'ontoiti'd, 
it matters not how' near to the inagiu*! or how disiiint from it the* loo}) 
may be, one revolution alwa;ys prodiua s the sanu* amount id ciiiK iit 
electricity, because in all these cases all the lines of force issuing from 
the magnet arc once intersected and Jio more. 

From tlie external portion of the circuit ho pass(‘s in idea to the 
internal, and follows the lims of force* into the hedv of tlu* magnet 
itself. His conclusion is that there exists lines of fuvo within the 
magnet of the same nature as those Avitluuit. AVhat is mori*, they are 
exactly equal in amount to those without. They have* a nlalion in 
direction to those without; and in fact are continuations of tlu'm. 

. . . “ JJverylinc of force, therefore, at whatever distam i* it may he 

taken from the magnet, must he conshh'red as a clos(*d circuit, passing 
in some part of its course through tin* magnet, and having an equal 
amount of force in ev(*ry pai*t of its course.” 

All the results here described were obtained with movimj nv^tah. 
“But,” he continues with profound sagacity, “ nu'rc motion w'ould not 
generate a relation, whicli had not a foundation in the e\ist(*nce of 
some previous state; and therefore the qiiieHnnt metals must be in 
some relation to the afctivc centre of force,” that is to the magnet. He 

* In this form the txpLiiineiii id identical with oik* nude tw(*nly years ecu Her. 
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hero touolies tlie core of tho wlu>lo question, and when wo can state 
tlie condition into which tlic conducting wiro is thrown before it is 
moved, we shall then bo in a position to understand tho physical 
constitution of tlie electric curront generated liy its motion. 

In this inquiry Faraday worked with steel magnets, tho force of 
wliieh varies with tlie distance from the magnet. lie then sought a 
inifurm ftrhl of magmatic force, and found it in space as aifected by 
the magnetism of tlio earth, llis nevt memoir, sent to the Royal 
►Society on the -‘list of December, 1851, is “ On the employment of tho 
Induced IMagnoto-clcctro Currtuit as a lest and measure of magnetic 
forces.’’ He forms rectangh^s and rings, and by ingenious and simple 
device's collects tlie ojiposed currents which are developed in them by 
rotation across the terrc'strial lines of magnetic force. He varies tho 
sljap(‘S of llis rectangles while jireseiwdiig their areas constant, and 
finds that the constant area produces always the same amount of cur- 
rent per revolution. Tlie current depends solely on the number of 
lines of force intersectcal, and w^lu'ii this numb(‘r is kc'pt constant tho 
cuiTciit remains constant too. Thus the lines of magnetic force are 
continually before his eyes, by their aid he colligates his facts, and 
through th(‘ re. niritii'Tis derived from them Ik' va'^tly expands tho 
boundaric'S of our (‘xperiuK'nlal knowledge. Tlu^ beauty and exacti- 
tude of the ix'sults of this investigation are ('xlraordinary. I cannot 
help thinking while I dw('ll upon them that this discovery of mag- 
neto-eh'ctriclty is tln^ greati'st experimmital result ever oblainc'd by 
an investigator. It is tlu' Mont Rhine of Faraday's own achievo- 
menls. Hc' always w'orked at great elevations, but a higher than this 
he never subsequently attained. 


UnJilfund ConrrrtihUltif of Natural Forros: Thoiuij of the Flvctric Current, 

The terms unli]f and anivt rtihillfji, as applied to natimil forces, 
are often cinidoyed in these investigations, many profound and 
beautiful thoughts respi'cting these subjects being expressed in Fara- 
day’s mc'inoirs. Modern inquiry has however much augmented our 
kno\vledg(' of the relationship of natural fori'cs, and it seems worth 
while to say a few words here, tending to clear up certain niisc'on- 
ci'])tions which appear to exist among philosophic writers regaiding 
tliis relationship. 

T^he w’holo stock of cuergtf or ir(trl’hig~power in the world consists of 
attractions, repulsioiis, and nuftions. If the attractions and rt'pulsions 
are so circumstanced as to be able to produce motion, they are sources 
of w’orkingqiow’er, but not oiluTwise. J^'t us for the sake of sinqdicity 
coniine our attention to the case of attraction. The attraction exerted 
between tho earth and a body at a distance from thi' earth’s surface is 
a source of working-power ; because tho body can be moved by the 
attraction, and in falling to the earth can perform work. 'When it 
rests upon tho earth’s suifaco it is not a somco of power or energy, 
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because it oau fall no further. But though it has ceased to bo a 
source of cncrcjy^ th(‘ attraction of gravity still acts as a force, which 
holds the earth and weight together. 

The same remarks apply to attracting atoms and molecules. As 
long as distance 602>arates them, they can move across it in obedience 
to the attraction, and the motion thus produced may, by proj)er appli- 
ances, be caused to perform mechanical work. When, for example, 
two atoms of hydrogt'u unite with one of oxygon, to form water, 
the atoms are tirst drawn towards ea(*li other they move, they clash, 
and then by virtue of their resiliency, lli(‘y recoil and q in err. To 
this quivering motion we give tlio name of heat. Now this quiver- 
ing motion is merely the redistribution of the motion produced by 
the chemical affinity ; and this is the only sense in which chemical 
affinity can be said to be converted into heat. We must not imagine 
the chemical attraction destroyed, or converted into anything else. 
For the atcmia wln'ii mutually clasped to form a molecule of water, 
arc held togc‘ther by the very attraction which first drew them towards 
each other. That wdiicli has really been expended is the juill exerted 
through the space by which the distance between the atoms has been 
diminished. 

If this be understood it will bo at once scon that gravity may 
in this seiiso be said to be convertible into heat ; that it is in reiility 
no more an outstanding and inconvertible agent, as it is somelimes 
stated to be, than cln'iniciil affinity. By tlie exoitiou of a e(utain 
pull through a certain space a body is caused to clash with a ccutain 
definite velocity against the earth. Heat is tliereby diwelopod, and 
this is the only sense in which gravity can be said to bo convorfed 
into heat. In no case is the force which produces the motion annihi- 
lated or changed into anything else. The mutual attraction of the 
earth and weight exists .when tlicy are in contact as when they were 
separate ; but the ability of that attraction to omjdoy itself in the 
production of motion docs not exist. 

The transformation, in this case, is easily followed by the mind’s 
eye. First, the w^eight as a whole is set in motiem by the attraction 
of gravity. This motion of the mass is arrested by collision with 
the earth, being broken up into molecular tremors, to which wo give 
the name of heat. 

And when we reverse the process, and employ those tremors of heat 
to raise a w^eight, as is done through the intermediation of an elastic 
fluid in the steam-engine, a certain definite pfution of the molecular 
motion is destroyed in raising the weight. In this sense, and this 
sense only, can the heat be said to bo converted into gravity, or more 
correctly, into potential energy of gravity. It is not that the destruc- 
tion of the heat has created any new attraction, but simply that the 
old attraction has now a power conferred upon it, of exerting a Certain 
definite pull in the interval between the starting-point of the falling 
weight and its collision with the earth. 

So also as regards magnetic attraction : when a sphere of iron 
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placed at some distance from a magnet rushes towards the magnet, 
and has its motion stopped by collision, an cifcct mechanically the 
same as that produced by the attraction of gravity occui s. The mag- 
netic attraction generates the motion of the mass, and the stop])ago 
of that motion produces heat. In this sense, and in this sense only, 
is there a transformation of luagnctic work into heat. And if by tho 
mechanical action of heat brought to bear by means of a suitable 
machine, tho sphere bo torn from th(i magnet and again placed at a 
distance, a power of (ixorting a pull througli that distance, and pro- 
ducing a new motion of tlio sphere, is thereby conferred upon tho 
magnet ; in this sense, and in this sense only, is the heat converted 
into magnetic potential energy. 

When, therefore, writers on the conservation of energy speak of 
tensions being “ consumed ” and “ generated,” they do not mean thereby 
that old attractions have been annihilated and new ones brought into 
existence, but that, in tho one ease, the power of tlie attraction to 
produce motion has been diminished by the shortening of tho dis- 
tance between the attracting bodies, aixl that in the other case tho 
pt)wer of producing motion has been augmented by the increase of 
tho distance* ' remarks apply to all bodi(‘S, whether they be 

Bcnsiblo masses or medce'ules. 

Of the inner epiality that enables matter to attract matter wo 
know nothing ; anel the law of conservation nuike'S no statement re- 
garding that equality. It tak(*s the facts of attraction as they stand, 
and aihiTiis emly Iho ce)nstane3y of workiufj 2)oirer, That ])ower may 
exist ill the form of MOTieiN ; or it may exist in tlio form of reme^E, 
with distance to ad thnnujh, Tho former is dynamic energy, the latter 
is potential energy, tho constancy of the sum of both being allirnicd 
by the law of conservation. Tho couvcrtihddi/ of natural forces cun- 
sista sohly in transformations of dynamic into iK)teutial, and of 
potential into dynamic energy, wliich are incessantly going on. In 
no other sense has the convertibility of force, at present, any scientilic 
meaning. 

J>y the contraction of a muscle a man lifts a weight from the earth. 
But tlie muscle can contract only thrtuigh tlio oxidation ( f its o\An 
tissiio or of tlio blood jiassing through it. Molocular motion is thus 
convort(*d into mechanical motion. Supjiosiiig tho luuselc to contract 
without raising tho iM'iglit, oxidation w\mld also occur, but tlie whole 
of tho heat produced by tliis oxidation would he liberated in the nutscle 
itself. Not so when it jierforms extornnl work; to do that work a 
certain dotinite portion of the heat of oxidation must be expiuidcd. 
It is so exp(*nded in pulling the weight away from tho earth. If tho 
weight be iicrmittod to fall, tho heat generated by its collision with 
the cartli would exactly make up for that lacking in the muscle during 
tho lifting of the w'oighi. In tho case h(‘ro siijiposed, we have a con- 
version of molecular musculai’ action into iioteniial energy of gravity ; 
and a conversion of that potential energy into heat ; tlio heat, how- 
ovor, appearing at a distance from its real origin in the muscle. The 
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whole process consists of a transference of molecular motion from tlie 
muscle to tlie weight, and gravitating force is the mere go-between, by 
means of which the transference is elleeteJ. 

These considerations will lielj) to clear our way to the conception 
of the transformations wliieh occur when a wire is moved across the 
lines of force in a magnetic field. In this ease it is commonly said wo 
have a conversion of magnetism into electricity. But let us endeavour 
to understand what really occurs. For the sake of simplicity, and 
with a view to its translation into a dilTt'rcnt one subsequently, let us 
adopt for a moment the provisional conception of a mixed fluid in the 
wire, composed of positive and negative electricities in equal quantities 
and therefore perfectly mmtraliziiig each other wlieu the w^ire is still. 
By the motion of the wire, say with the hand, towards the magnet, 
what the Germans call a Sclieidunfjs-Kuift a separating force — is 
brought into play. This force tears the mixed fluids asunder, and 
drives them in two currents, the one positive and the other negative, 
in two opposite directions through the wire. The presemee of these 
currents evokes a force of rfj^idsioti bctw’con the magnet and tlie wire ; 
and to cause the one to approach the otlicr, this repulsion must bo 
overcome. The overcoming of this rejmlsion is, in fact, tlie work 
done in separating and impelling the two electricities. When tlie 
wire is moved aw’ay from the magnet, a Scheidiuvjs-Kraft, or s(q)a- 
rating force, also comes into play ; but now it is an atirarliou tliat lias 
to bo surmounted. In surmounting it, currents arc devth)pfd in 
directions opposed to the fornuT ; positive takes the place of lu'gative, 
and negative the place of positive ; the overcoming of the attraction 
being the w’ork done in separating and impelling the two clectiicities. 

Idle mechanical action occurring here is difterent fromlhat occur- 
ring where a sphere of soft iron is withdrawn from a inagni't, and 
again attracted. In this case muscular force is exiicndcd during 
the act of separation ; but the attraction of the niagnc't tll’ects the 
reunion.’ In the case of the moving wire, also wo overcame a re- 
sistance in separating it from the magnet, and thus far the action 
is mechanically the same as the scqiaratiou of the sphere of iron. 
But after the wire has ceased moving, the attraction c('ascs; and so 
far from any action occurring similar to that, which draws the iron 
sphere back to the magnet, wo have to overcome a repulsion to bring 
them together. 

There is no potential energy conferred cither by the removal or by 
the approach of the wire, and the only power really transformed or 
converted, in the experiment, is muscular power. Nothing that could 
in strictness be called a conversion of magnetism into electricity 
occurs. The muscular oxidation that moves the wire fails to produce 
loithin the muscle itp due amount of heat, a portion of that heat equiva- 
lent to the resistance overcome, appearing in the moving wire instead. 

Is this effect an attraction and a repulsion at a distance ? If so, 
why should both cease when the wire ceases to movo ? In fact, tho 
deportment of tho wire resembles far more that of a body moving in 
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a resisting medium than anytliing else ; tho resistaiico ceasing when 
the motion is suspended. Let us imagine tlio case of a liquid so 
mobile that tlio hand may bo passed through it to and fro, without 
encountering any sensible resistance. It resembles the motion of a 
conductor in the unexcited field of an electro-magnet. Now lot us 
suppose a body placed in tlio liquid, or acting on it, wJiicli confers 
upon it tho property of viscoi<iiij ; the hand would no longer move 
freely. During its motion, but then only, resistance uould be encoun- 
tered and overcome. Here we have rudely represented tho case of 
the excited magnetic field, and the result in both cases would be sub- 
stantially the same. In both cases heat would, in tho end, be generated 
outsido of the muscle, its amount being exactly equivalent to tho 
resistance overcome. 

Let us push the analogy a little further; suppose in the case 
of tho fluid rendered viscous, as assumed a moment ago, the viscosity 
not to be so gn^at as to jireviuit th(5 formation of riiiplis w’hcn the 
hand is pass(‘d through the liquid. Then the motion of the hand, 
before its final con version into heat, would exist for a time as w'ave- 
motion, which on subsiding W'ould generate its due eqiiivahmt of heat. 
This internu dl stag<*, in tho case of our moving wire, is repre- 
sented by the period (hiring irhich the eJertric current is Jhnring through 
it ; but that current, like tho ripples of our liquid, soon subsides, 
being, like them, converted into heat. 

Do these w'm’ds shadow forth anything like the reality? Such 
speculations cannot be injurious if they are enunciated without dog- 
matism. I do confess that ideas such as these here indieate<l exercise 
a strong fascination on my mind. Is then the magnetic held really 
viscous, and if so, what substance exists in it and tho wire to produce 
the viscosity? Let us first look at the provinl effects, and afterwards 
turn our thoughts hack upon their cause. When the wire approaches 
the magnet, an action is evoked within it, which travels through it 
with a velocity comparahle to that of light. One suhstanco only in 
the universe has hcen hitherto proved competent to transmit power 
at this velocity ; tlic luminiferous ether. Not only its ra])idity of 
progression but its ability to produce the motion of light and heat, 
indicates that tho electric ciuTcnt is also motion. Further, there is 
a striking r('scml)lanc(5 between the action of good and bad conductors 
as r(‘gards electricity, and the action of dialhci’iiianoua and adiatlier- 
inanous bodies ns regards radiant heat. Tho good conductor is 
diathormnnous to tho electric current; it allows free transmission 
without tho development of heat. The had conductor is adiathcr- 
mnnous to the electric current, and hence the passage of tho latter is 
accompanied by tho development of heat. I am strongly inclined to 
hold the electric current, piu'o and simple, to be a motion of the ether 

Mr. Clerk Mjixwoll lias recently pul)li&lu‘<l an exceedingly important 
investigation eonneet* d wiih this quistitm. Fiven in the non-nmthcmatieal por- 
tions of tho memoirs of Mr. Maxwell, the ndniirahlc spirit of his pliilosophy is 
sufficiently revealed. As regards the employment of scientific imagery, I 
hardly know his equal in p(»w( r of coner ption and clearness d definition. 
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alone ; good conductors being so constituted that the motion may bo 
pro})agated through their ether without sensible transfer to their atoms, 
while in the case of bad conductors this transfer is effected, the trans- 
ferred motion apiieariug as lieat.* 

I do not know whether Faraday would have subscribed to what is 
here written ; probably his habitual caution would have prevented him 
from committing himself to anything so definite. But some such idea 
filled his mind and coloured his language through nil the later years 
of his life. I dare not say that he has been always successful in 
the treatment of these theoretic notions. In his speculations ho mixes 
together light and darkness in varying proportions, and carries us 
along with him tlirough strong alternations of both, Tt is impossible 
to say how a certain amount of mathematical training would havo 
affected his work. We cannot say what its influtuice would have been 
upon that force of inspiration that urged him on ; whether it would 
have daunted him, and prevented him from driving his adits into 
places, where no theory pointed to a lode. If so, then we may rc'joico 
that this strong delver at the mine of natural knowledge w'as left free 
to w’ield his mattock in his own w'ay. It must bo admitted, that 
Faraday’s i)urely speculative writings often lack that precision which 
the mathematical habit of thought confers. Still across them flasli 
frequent gleams of presciemt wisdom wliich will excite admiration 
throughout all time, while the facts, relations, principles, and laws 
which his experiments have established are sure to form the body of 
grand theories yet to come. 


SUMMARY. 

When from an Alpine height the eye of the climber ranges over 
the mountains, ho finds that for the most part they resolve them- 
selves into distinct groups, each consisting of a dominant mass 
burr(nmded by ixjaks of les.scr elevation. Tlie power which lifted the 
mightier eminences, in nearly all cases lifted others to an almost equal 
height. And so it is with the discoveries of Faraday. As a general 
rule, the dominant result docs not stand alone, but forms the culmi- 
nating point of a vast and varied mass of inquiry. In this way, round 
about his great discovery of Magneto-electric Induction, other weighty 
labours groiq) themselves. Ilis investigations on the Extra ( ’urront ; 
on the Polar and other Condition of Diamagnetic Bodies ; on Lines 
of Magnetic Force, their definite character and distribution ; on the 
employment of the Induced Magneto-electric Current as a measure 
and test of Magnetic Action ; on the Revulsive Phenomena of tho 

* Oue impoitiint difference*, of euiirHC, e.xLt'j httween the effect of iiKitiou in 
tho magnetic 6eld, and motion in a resisting iirhIiuiu. In the former Case the 
heat is generated fn the moving conJuctor, in the latter it is In part generated in 
the medium. 
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magnetic field, are all, notwithstanding tlic diversity of title, researches 
in the domain of magneto-oloctric induction. 

Faraday’s second group of resoarclics and discoveries embrace 
the clicmical phenomena of the current. The ilominant result hero 
is the great law of definite Elcctro-ehcmieal Dccom 2 )osition, around 
which are massed various rescarelies on Elcetro-clumiical (conduc- 
tion, and on lOlectrolysis both with tlio Machine and with the Pile. 
To this group also belong his analysis (>f the Coiita(;t Tlifory, his 
inquiries as to the Source of Voltaic J<llectricity, and his final develop- 
ment of the Cli(unieal Tlicory of tlu* pile. 

iris third gnuit dlseovtuy is tin' ilagnetization of Light, which T 
should liken to the Wensshoru among niouiitaiiis — high, beautiful, and 
alone. 

Idio dominant result of his fourth group of researches is the dis- 
covery of Diamagnetism, announced in his inemoir as the Magnetic 
Donditiou of nil Matter, round which are groupi d his inquiries on the 
Magnetism of Flame and (hises ; on Magiio-erystallic acLon, and on 
Atmosidieric Magnetism, in its relations to the annual and diurnal 
variation of the needle, the full signifieanco of which is still to bo 
shown. 

These are Faraday’s most massive diseeverics, and upon them his 
fame must mainly rest. But even without tlaan, sufficient would 
remain to secure fi^r him a high and lasting sciimtilic reputation. Wo 
should still have his r^'searehes on the Liquefaction ot (iascs; on 
Fiiclional Fleetrieity ; on the Elei'hieity of the (lymiiotiis; on the 
soni'\‘ ot p(/W('r in the I lydro-cleidtie machine, tlio two last investiga- 
li(/us being untouelK'd in the foregoing memoir ; on Flcetro-magnetic 
Rotations; on Regelatiou; all his move ]>uri‘]y (fiiemical Hesearelu's, 
including his dihcovcuy of Ih-uzol, Besides tli('s(‘ lie publislied a 
multitude of minor })u[)(‘vs, most of whieh, in some way or other, 
illiistiatt' his g(‘nius. I have made no allusion to liis power and 
sweetness as a leeturc'r. Taking him for all in all, T think it will be 
cuncrdi'd that J\Iicha<'l Faraday was the great{*st c'Xj^fTi mental pliilo- 
soplicT tli(i w'orld has ever sec-n; and J will tidd the opinion, that the 
progr(jss of future rt'sc'areh will tend not to dim or to <liminisli, but to 
enhanco and glorify the labours of this mighty investigator. 


Il-LUSTRATIONS OF ClIARACrKR. 

Thus far I have confined mysedf to topics mainly interesting to 
tin* man of seiene{', endeavouring, however, to treat them in a manner 
unrc'pelhait to the general reader who might wish to cditain a notion 
of Faraday as a worker. On others w ill fall the duty of presenting to 
tho world a picture of the man. But 1 know you will permit me to 
add t(^ the foregoing analysis a few' jwsonal i‘eminiscc'iu*es and re- 
marks, tending to eoniu'ct Faraday with a wider world than that of 
seionce namely, with tho general human heart. 
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One word in reference to liis married life, in addition to what 
has been already said, may find a place hero. As in the former case, 
F^iraday sluill bo his own spokesman. Tlie following paragraph, 
though m’itten in the third person, is from liis hand : — “ On the 12tli 
of June*, 1811, ho married, an event wliich more than any oilier con- 
tributed to his earthly happiness and healthful state of mind. The 
union has continued for tw^enty-eiglit years and has in no wise changed, 
except in the depth and strength of its character.” 

F'araday’s immediate forefathers lived in a little place called Clap- 
ham Wood Hall, in Yorkshire. Here dwelt Itobcit Faraday and 
Elizabeth his w ife, who had ten children, one of them, Janies Faraday, 
born in 1761, being father to the philosopher. A family tradition 
exists that the Faradays came originally from Ireland. F^iraday 
himself has more than once expressed to mo his belief that his blood 
w’as ill part Celtic, but how' niueh of it was so, or when the infusion 
took place, he was unable to say. lie could imitate the Irish brogue, 
and his wonderful vivacity may have been in part due to his extrac- 
tion. But there were other qualities whieh we should hardly think 
of deriving from Ireland. The most prominent of these w^as his sense 
of order, whieh ran like a luminous beam through all the transac- 
tions of his life. The most entangh‘d and complicated matters fell 
into harmony in his hands. His mode of keeping accounts cxciti'd the 
admiration of the managing board of this Institution. And his science 
was similarly ordered. In his Flxperinuntal Boseaiehes, he numbered 
every paragraph, and w’dded their various jiarts togetlier by incessant 
reference. His private not(‘S of the Expi'rinuaital Besearches, which 
arc happily preserved, arc similarly numbered : their last paragraph 
bears the figure 1G.041. His working qualities, moreover, showid 
the tenacity of the Teuton. His nature was impulsive, but there was 
a force behind the iinpijse whieh did not permit it to retri'at. If in 
his warm moments he fornud a resolution, in his cool oik s he made 
that resolution good. Thus his lire was that of a solid combustible, 
not that of a gas, which blazes suddenly, and dies as siiddmily away. 

And her(j I must claim your tolerance for the limits by whieli I am 
confined. No materials for a life of Faraday are in my hands, and 
wlaat I have now to say, has arisen almost wholly out of our eloso 
personal relationship. 

Letters of his, covering a period of sixteen years, arc before mo, 
each one of wdiieli contains some ebaracteristic utteranec ; — strong, yet 
delicate in counsel, joyful in cueourageinent, and warm in atfix-tion. 
llefereiieos wliieli w'ould bo pleasant to such of them as still live are 
made to Humboldt, Biot, Dumas, (Ibevreul, IVIagiius, and Ai ago. Acci- 
dent brought these naim's prominently forward ; but many others would 
be required to complete his list of continental friends. Ho prized tbo 
love and sympathy of men -prized it almost more tlian the renown 
which his science brought him. Nearly a dozen ye ars ago it fell to 
my lot to write a review^ of his “ Ex jieri mental Kesearcbes ” for the 
‘ Philosophical Magazine.’ After ho hod read it, he took me by the 



LIBRARY OF SCIENCIE 


hand, niul said, “ Tyndall, tiio s\vo(‘tost reward of iny work is tljo 
Fyinj)atliy and goodwill which it lias caused to flow in upon me from 
all quarti ra of tljo woihh’' Among his h‘tt(‘rs I find litths sparks of 
kiiidjiess, precious lo no one' hut myself, but more jH-ecious to me than 
all. lie would ])e(‘p into the laboratory when h<‘ thought me \Yeary, 
and tike mo U[)stairs witli liiin t(3 rest. And if J liappeiiod to bo 
absent lie w’ould leave a little note for me, couched in this or some 
other similar form : “ Dear Tyndall, — T was looking for you, Ik cjuisg 

W(i were at tea we have not yet dr>ne will you come up 1 fre quently 
Bhared his early dinner; almost ahvays, in fact, whihi my lectuKS 
werej going on. Tlu re was no trace of asc eticism in liis nature, lie 
prefcTred tlie nu‘at and wine of life to its Irwusts and w ild honey. Nevi r 
once duj'ing an intimacy of lifUdi years did he mention religion to me, 
save wliei* J drew" liim on to the subject. He then sjioke to me with- 
out liesitation or reluctauco; iK't with any api)arent desire to 
“improve tlie oeeasion,” hut to give me such information as I sought. 
He believed theliuman hcait to lie swayed by a powaT to which science 
or logic oj)en(‘d no approach, and right or wr»>ng, tliis faith, held in 
perf('(*t tohu’unee of tlu' faitlis of others, strengthened and heautilied 
his life. 

From the letters just rc'ferred to, T will select three for ]>nhlication 
h(Te. T ehoos(' tli<‘ iirst, Ix'causc' it contains a X)assage riw’caling the 
f('('lings with which Faraday regarded his vocation, and also because 
it contains an allusi(ui which will give 2)kasurc lo a friend. 

“VI.NT^0R, Tslk op \yianT, 2Sfh Jv ft Cy 1S54. 

** My oi’An IYndall, 

“Yuli see by the lop of this letter he wv much habit prevails over me’; I 
liavc just icail yours lioin thcncc, and J think m}sclf theic. Howc\(T, 
] liavc Icll its Sch lice 111 \ei v iiood kicpiiiL:, and 1 am ^lad to leain that >011 
arc at cxpcnnuiil once mou\ lUit how la the health V kot well, 1 tear. 
1 wish \ou would oct y»ursi'll' stioiiL^ hist and weak altei wards. As for the 
Innts, I am suic tliey will be good, l(*r lliough I sumctimcs despond as regards 

myscll, 1 do not as u'gaids you. You aic }omiu, 1 am old 

Jiut Hull (ntr siihjtrts an so <j(orioos, that to icvi k' at tJitm rejoices aj\d 
C7iroui aejf s tin fn bl<st ; ddafitts an<l (nr/atnls the siionf/e>t, 

“1 liavc not yet seen anything lioni ‘Magnus. Thoughts him always 
delight me. We shall l(K)k at his black siilidiur together. I heard from 
Schonbein tlie otlior day. lie tells me that Liebig is full of ozone, i,e. of 
allot ropic oxygon. 

“ Good-bye for the present. 

“ E\or, my dear Tyndall, 

“ Yours truly, 

“ M. Faraday.” 

The contemplation of Nature, and his own relation to her, produced 
in Faraday a kind of spiritual exaltation wliith makes itself manifest 
here. ITis religious feeling and his philosophy could not be kept 
apart ; there was an habitual ovciflow' of the ono into the other. 
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WJictluT lie or another was its exponent, ho appeared to tako 
equal delij^ht in seienec. A good experiment would make him 
almost dance with dt'light. In Novembei’, IHriO, luj wroio to mo 
thus : “ I ho2)C some day to take up the jioint resp(‘cting the mag- 

netism of a^^sociati'd particles. In the mean time 1 njoico at every 
addition to the* facts and reasoning connected with the subject. 
When science is a republic, then it gains ; and tlurngh I am no 
republican in other matters, I am in that.’^ All his letters illustrate 
this catholicity of feeling. Ton ju'ars ago, when going doun to 
Brighton, ho carried with him a little jnijier I had just completed, 
and aft(‘rw^ards wrote to me. His hdter is a mere sauqdo of the 
sympathy Avhi- h he always showed to me and my \Yoik, 

“ IhiioiiTOx, tV/i Dcc.^ isr>7. 

“My i)k\r Tynpall, 

“ 1 CvUinot resist tlie jileasure of saying how very much J have enjoyed }Oiir 
I'lijjer. JOvor}' p.ut lias given nio deliglit. Jt goes tni from point to point 
IxMiitifully. You will tind many pencil inaiks, for I made tliem as I lead. 
I let tliem stinitl, for though niaiij of them lecciv'e their answei as the story 
proceeds, yet they show how tlie w’ovding iin])ies&6’s a mind frcsli to the 
snhjeet, and perhaps here and there you may hko to allei it sliglitly, il jou 
wish the lull idea, i.i, not an iuaccuiate one, to bo suggested at fiist ; and yvt, 
after all, I behove it is not yoiir exposition, hut the natural jnnqaiig to a 
conclusion tliat alfeets or has alfect'Hl my ]xmeil. 

“ Wo letnrn on Fiiday, when I will return 3 mn tlie pnpiT. 

“ J^her truly yotirs, 

“ M. h\^ADAY.” 

The third letter will come in its jwoj^cr place towards llu' end. 

While once conversing with Faiaday on scionco in its relations to 
commerce and litigation, he said to mo, tliat at a certain jxTiod of his 
career, ho was foi’cc d delinitel}'^ to ask liimsclf, and finally to di'cido, 
whether he should mako'wcalth or seieiice the jmrsiiit of his bde. ffo 
could not serve both masters, and he was tlicreforc' coinjudlcMl to ehoose 
l)ctwc(‘n them. After the discovery of magneto-idcctricity his fame 
w*as so nolsi d abroad, tliat tlio commer<*ial world would bardly have 
considered any remuneration too liigli for the aid of abilitic^s like 
his. Even IxYoro he bi'caine so famous, he had done a little “ pro- 
iCvSsional business.*’ This was the phrase lie applii'd to bis juirely 
commercial work. His fri(*nd, Jficliard riiillijis, for ('veamph', liad in- 
duced him to undertake a number (;f analyses, wliieli 2 >r()(luei d, in tlio 
year J8d0, an addition to bis ineome of mor<i than a tliousand pounds; 
and in 1831, a still greater addition. He bad only to will it hi raise 
in 1832 liis jirofcssional business income to £5000 a year. Indted, 
tliis is a wholly insufficient estimate of what he miglit, w ith ease, have 
realized annually during the last thirty years of his life. 

Wliilo rc-studyiug tlio KxixTiiiiental Jfoscarelies w^iih rofm’i'iico 
to the i}rcsont me.moii*, the conversation with Faraday hcr(‘ alluded to, 
mme to my recollcetioii, and I sought to ascertain tlui jieriod when 
the question, “ wealth oi‘ science,” had presented itself with such cm- 
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]>liasis to his mind. T fixed upon tlie year 1831 or 1832, for it seemed 
beyond the range of Immaii power to puj’siie science as bo Lad done 
dining the subsequent years, and to pursue commercial work at 
the same time. To test this conclusion 7 asked permission to see his 
accounts, and on my own resjionsibility, I will state the result, fn 
1832, his professional busincss-iucomo, insti ad of rising to £5000, 
(U‘ im)re, ftdl from £1090 4s. to £155 9s. From this it hdl with 
slight oscillations to 1192 in 1837, and to zero in liS38. llctwecn 
1839 and 1845, it juwct, evce])t in one instance, exceeded £22 ; being 
for th(j most pait much under this. The e\cc‘ptioiial year referred 
to was that in which he and Sir (Charles Lyell were engaged by 
(Tov(TnmCut to \vrit(‘ a report on the ITaswtlJ Ccdlicuy explosion, and 
tlieii liis biisiiiuss-income ros(‘ to £112. Fi‘om tlie end of 1815 to 
tlie day of his (h-atli, Faraday’s annual proh'ssional luisuu s^-income 
xvas exactly zero. Taking the duration of liis life into aceuaiit, tliis 
son of a Idacksmith, and appr<‘nticc to a lM)okbinaer. had to decide 
betwci n ii fortum' of £ I 50,090 on tlie one side, and his undowered 
scieiK'o on the otlnn*. chose the laiUi, and dud a po()r man. 

Jlut his was the glory (if holding ah)fi among ilio naiions the scientific 
fame of Enirhp.'l for a jieriod of forty yeais. 

^fhe outward and visible signs of fame weie also x)f loss account 
to him than to most men. II(‘ had been loaded with scientific honours 
fioui ail parts of the worhl. \Vitliout, 1 imagine, a dissentient voice, 
bt was regarded as tlio piince of tlic idiysical iuxesiigators of the 
pjcscnt age. Thi higbe.>t scientific p(«siiJi>n in tins country ho had, 
however, never tilled. When l]u‘ lat(‘ expedient and lamented Lord 
Wroth '.Nley resigned the presidency of the Uoyal Soc iedy, a deputa- 
tion from the council, cemsisting ot his loidship, ]\lr. drove, and 
]\h*. (lussiot, w^aited upon Faraday, to urge. 1‘im to aceaqd the iiresi- 
ele'iit’s chair. All tliat argunieait or frie ndly pcTsnasion could do was 
done to induce him to yield to the wislus of tlio council, which 
was also tlie unaniineuis wish of se-umtific mem. A knowledge of 
the (|uie*kncss of his own nature had induced in Faraday the habit 
of requiring an interval of reflection, before he decided ujicn any 
epu‘stion of importaiu-e. Tn the jn-eseiit instance he followed his 
usual habit, and begged for a little' time'. On the' following morning 
J went up to his room, and said eui entering, that I had come to 
hiju with some anxiety of mind. He demanded its cause, and I 
ix'spondc'd, “ Lest you should have decided against the wdslies of the 
deputation tliat w'aitcd on you yesterday.” You would not urge 
me; to undertake; this ivsponsihilit} he said. “I not only urge 
you,” was my reply, “ but I conside'i* it your boundc'U duty to accept 
it.” Ho spoke of the laliour that it would involve; urged that it 
was not in his nature to take^ things easy ; and that if he bceamo 
president, ho w^ould surely have to stir many now questions, and 
agitate; for some changes. 1 said that in sucli cases he would find 
liimsclf supported by the youth and strength of the ]toyal Society. 
This, liowover, did not seem to satisfy him. Mrs. Faraday came 
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into tho room, and ho appealed to her. Her decision was adverse, 
and I deprecated her decision. “ Tyndall,” ho said at length, “ I 
must remain plain Micliael Faraday to the last ; and let mo now tell 
you, that if I accepted the honour which the Royal Society desires to 
confer upon me, I would not answer for tho integi*ity of my intellect 
for a single year.” I urged him no more, and Lord Wrottesloy had 
a most worthy successor in Sir Benjamin Brodio. 

After tho death of tho Duke of Northumberland, our Board of 
Managers wished to see Mr. Faraday finish his career as rresident of 
the Int^titution, which ho had entered on weekly wages more than 
half a century before. But he \yould have nothing to do witli tho 
presidency, lie uislied for rcht, and the revei’uut affection of his 
friends w'as to him infinitely luoro precious than all the honours of 
ofiicial life. 

Tho first requisite of the intellectual life of Faraday was the indo- 
pondcncc of his mind ; and though prompt to urge r>bedienee where 
obedience w’as due, \vith evc*ry right assertion of manhood he intensely 
sympathised. Even raslint'ss on the side of honour found from him 
ready forgiv('uess, if not open apj>lause. The isdom of ycuirs, t(‘mp('red 
by a character of this kijid, rendered his counsel peculiarly precious to 
men sensitive like himself. I often sought that counsel, and, with 
your permission, will illustrate its character by one or two typical 
instances. 

In 1(S55, 1 was appointed examiner und(‘r the Council for Military 
Education. At that time, as indeed now, I entertained strong con- 
victions as to the enormous utility of physical science to officers of 
artillery and engineers, and whenever ojj])ortunity oifered, J exprcsscul 
this conviction without reserve. I did not think the recognition, 
though considerable, accorded to physical science in those examinations, 
at all proportiemato to itq importance ; and this probably rendered mo 
more jealous than T otlnuwvise should have been of its claims. 

In Trinity College, Dublin, a school had been oi-ganize<l with 
reference to the Wocdwicli examinations, and a large number of 
exceedingly well instructed young genthunen were R(‘iit over from 
Dublin, to compete for appointments in the artillery and engineers. 
The result of one examination was particularly satisfactory to me; 
indeed the marks obtained appeared so ehKpient, that T foiboro saying 
a word about them. My colleagues, how^ever, followed the usual 
custom of sending in brief rcjxirts with their returns of marks. After 
tho results were published, a leading article api»carcd in ‘ The Times,’ 
in which tho reports w’cre largely quotetl ; piaisc being bestowed on 
all the candidates, except the excellont young fellows who had passed 
through my hands. 

A lette r from Trinity College drew my attention to this article, 
bitterly complaining, that wlu»rcas the marks proved them to be tho 
best of all, tho science candidates were wholly ignored. 1 tried to 
set matters right by publishing, on my own responsibility, a letter 
in ‘The Times.’ Tho act I knew could not bear justification from 
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the War Office point of view; and T expected and risked the dis- 
pleasure of my siijieriors. TIio merited reprimand promi)tly came. 
“Highly as the Secretary of State for War might value the expression 
of Professor Tyndall’s opinion, he begged to say tliat an examiner 
appointed by Ilis Royal Highness the Commander-in-Chief had no 
right to ai)pear in the public papers as Professor Tyndall has done, 
without the sanction of the War Office.” Nothing could be more 
just tlian this reju’oof, but I did not like to rest under it. I wrote a 
reply, and previous to sending it, took it up to Faraday. We sat 
together before his hre, and lie looked very earnest, as he rubbed 
his hands and pondered. The following conversation then passed 
between us : — 

F, You certainly liave received a reprimand, Tyndall; but the 
matter is over, and if you wish to accept the reproof, you will hear 
no more about it. 

T. But I do not wish to accept it. 

F. l^'hen you know svhat the conseftuenco of sending that letter 
will be ? 

T, I do. 

F, They dismiss you. 

T, T know it. 

F, Then send the letter ! 

The letter w'as lirm, but rcsjKictful ; it acknowledged the justice 
of the censure, but expressed neitlier repentance nor regret. Faraday, 
in his gracious way, sliglitly altered a sentence or two to make it more 
respectful still, Tt w^as duly sent, and on the following day I entered 
tlie Institution Avith the conviction that my dismissal was there before 
me. We(‘ks, however, passed. At length the well-known cnvelopo 
appeart'd, and T broke tlie . "'al, not doubting the contents. They Avere 
very diliereut from Avliat I ( xpccted. “ 'Fhe Secretary of State for 
War has received Professor ryndall’s letter, and deems the exjdana- 
tion then in (jiien per feet! ij satisfm toryy I have often Avished for an 
opportunity of imhliely acknoAvledging this liberal treatment, 2U’oving, 
as it did, tliat liord Paiimuro could discern and make alloAA'ancc for a 
good intention, thoiigli it involved an offence against routine. For 
many years subs( cpuaitly it Avas my privilege to act under that excel- 
lent body, the Council for Military Education. 

On anotlier occasion of this kind, having encouraged me in a 
somewhat hardy resolution I had formed, Faraday backed his encou- 
ragement by an illustration draAvn from his oavii life. The subject 
AA'ill interest you, and it is so sure to be talked about in the AV'orld, 
that no av(udablc harm can arise from its introduction hero. 

In the year 1835, Sir Robert Peel wished to offer Faraday a pension, 
but that great statesman quitted office before he Avas able to realize his 
wish. I’lio Minister Avhd founded these pensions intended them, I 
believe, to bo marks of honour, which even jiroud men might accept 
without compromise of independenoo. When, hoAvever, the intimation 
first reached Faraday, in an unofficial Avay, he Avrote a letter announcing 
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his clotcrm illation to decline tho pension ; and stating that ho was quite 
compotout to eaiii his livelihood himself. That letter still exists, but 
it was never sent, Faraday s reiuignance having been overruled by his 
fri(Ui(]s. Wiieii Lord Melbourne came into ollieo, ho dc'sired to see 
Faraday ; and probably in utter ignorance of tho man - for, unhappily 
for them and us, JVlinisters of State in England arc only too often 
ignorant of great Englishmen his lordship said something that must 
have deejdy disphast'd his visitor. Tlie whole circumstances were 
once commuuicatul to me, but I have forgottiMi the details. I'lie 
term humbug,” I think, w^as incautiously employed by his lordshij), 
and other ex]uossions were used of a similar kind. Faraday (piitktl 
the Minister with his own resolves, and that evening he l(‘lt his card 
and a short and dcidsive note at the residence of Ijord ]\lelbourne, 
stating that ho had manifestly mistaken his lordship’s intention of 
honouring science in his iiorson, and declining to have anything 
whatever to do with the proposed i>ension. The good-humoured 
nobleman at first (jonsidered tho matter a ca])ital joke; but ho was 
afterw’ards led to look at it more seriously. An excelhuit lady, who 
was a friend both to Faraday and the Minister, tiied to arrange 
matters between them; but she found Faraday very diihcuU to move 
from the position h(i had assumed. After many fruitless efforts, she 
at length begged of him to state what he would retpiiro of Lord ]\leL 
bourne t< induce him to chang(5 his mind, lie replu jl, “1 should 
require from Ids hu’dslilp what J liavc no rigijt or reason to txjK'ed fliat 
he would gjaiit : - a written a])oh)gy for the w^ords lu^ p<Tmitt(d him- 
self to use to mo.” TIh' icquiiud apology cam(‘, fumk and full, cicdit- 
able, T thought, alilic to the Prune Minister and the phdost)plM r. 

Considering the enormous strain imposed on Faraday’s iiitdlctl, 
the boy-like buoyancy even of his lahr yiais was astonishing. Hu 
w'as often prostrate, hut, he liad immense rtsilieiicy, which ho hrouglit 
into action by getting away from London wdicJiever his Ik altli faih d. I 
have already indicated the thoughts which filhMl his mind dining the 
evening of his life. He brooded on magnetic media and lijiis (ff 
force, and the great object of tho last investigation he ever iiiuh rtook 
was the decision of the question whether magnetic force requires time 
for its propagation. How he proposed to attack this subject we may 
never Imow. But he has left some beautiful apparatus hi bind ; deli- 
cate wheels and pinions, and assuciat(‘d mirrors, vvbicb were to liavo 
been employed in the investigation. Tlic nuTt' eoncoption of such an 
inquiry is an illustration of liis strength and hopefulness, ajul it is 
impossible to say to wdiat results it might liavc led liim. But tho 
work was too heavy for his tired lirain. It was long before he could 
bring himself to relinquish it, and during this struggle he often suf- 
fered from fatigue of mind. It vvas at this period, and before he 
resigned himself tdf the re]) 0 se which marked tho last two year$ of his 
life, that he wrote to me the following letter, —one of many priceless 
letters now before me, — which reveals more than anything another 
pen could express, the state of his mind at the time. I was some- 
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times censured in his presence for my doings in the Alps, but his 
constant reply was, “let him alone, ho knows how to take care of 
himself.” In this letter, anxiety on this score reveals itself, for the 
first time. 

“ Hampton Court, l.s^ 18()4. 

“ My Dear TYNDAiiU, 

“ I do not know wlirther my letter will catch yon, but I will risk it 
thonph feeling very unfit to communicate with a man whose life is as vivid 
and active as yours ; but th(‘ reciapt of your kind letter makes me to know 
that though 1 forget, 1 am not ka’gotten, and though I am not able to remem- 
ber at tbe end of a line what was said at the beginning ol it, the iinjierfect 
marks will convey to you some sense of what I long to say. We had lieaid of 
your illness through Miss JMcKire, aiul I was thercfoie very glad to karii that 
you are now (inite well ; do not nm loo many risks, or make your liap])iness 
depend too mneb n]ion dangers, or tlic liimting of tlic'in. Sometimes the very 
thinking of you and what you may be about wiaries nir with tears, and then 
the cogitations jtaiisc and ch.inge, but without giving mo rest. I know that 
much of this de)»ends utHm my own worn-out nature, and 1 do not know^ why 
1 write it, save that when I wiite to ytm I caniiot help thinUing it, and the 
thoughts stand in the way of other nialUr. 

“ See whal-i (h'sultoiy <‘]astle 1 am willing to you, and yet I ft el 

so weary that I long to leave my desk and go to the coueh. 

“ My dear wife and Jane ilesin* their kinde-^t leniemhiann s, I luar them 
in the next room ; , . . . 1 forget —hut not you, my di ar 'Ty udall, lor 

I am 

“ Ever yours, 

“ M. Faraday.” 

This weariness subsided wlien he relinquished liis work, and I 
have a cheerful letter from him, writt(‘ii in the nutunni of liSf>5. 
But towards the close of that year ho had an attack of illnt^ss, from 
which lie never coiiiphdely rallital. He eontinuod to attend the Friday 
Evening iMeetings, but the advance of inlirinity was apparent to us 
all. Complete rest bccanie finally essential to him, and lie ceas( d to 
appear amongst ns. There W'as no hi his decline to trouble the 

memory of those who loved him. Slowly and iieacefully ho sank 
towards his final rest, and wdienit came, his death was a falling ash'tqi. 
In the fulness of. his honours and of his age he quitted ns ; the good 
fight fought, the w'ork of duty — shall I not say of glory — done. 
The “Jane” referred to in the foregoing letter is Faraday’s nieee, 
Miss Jane Barnard, who with an alfeetiou raised almost to religious 
devotion, watched him and tended him to the einl. 

I saw Mr. Faraday for the first time on my return from IMarhurg 
in 1850. I came to the Koyal Institution, and sent uji my card 
with a copy of the ^laj^er w'hich Knoblauch and myself had just com- 
pleted. He came down and conversed with mo for half-an-hour. I 
could not fail to remark the wonderful play of intellect and kindly 
feeling exhibited by his countenance. Wlien he was in good health 
the question of his age would never occur to you. In the light and 
laughter of his eyes you never thought of his gray hairs. He was 
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then on tho point of publishing ono of his papers on magno-crystallic 
action, and he had time to refer in a flattering note to tho memoir I 
placed in his hiinds. I returned to Gcimiany, worked there for nearly 
another year, and in June, 1851, came back finally from Berlin to 
England. Then, for tho first time, and on my way to the meeting of 
the British Association, at Ipswich, I met a man who has since 
made his mark upon tho intellect of his time, who has long boon, and 
who by the strong law of natural affinity must continue to be a 
brother to me. Wo were both without definite outlook at tho time, 
needing proper work, and only anxious to have it to perforin. Tho 
chairs of Natm*al History and of Physics being advertised as 
vacant in the University of Toronto, we applied for them, he for 
tho one, I for the other ; but, possibly guidecl by a projdietic instinct, 
the University authorities declined having anything to do with eitlier 
of us. If I remember aright, we were ecpially unlucky elsewhere. 

One of Faraday’s earliest letters to me had reference to tin’s 
Toronto business, which he thought it unwise in me to neglect. But 
Toronto had its own notions, and in 1858, at the instance of Dr. Bence 
Jones, and on the recommendaticui of Faraday himself, a chair of 
physics at tlic Boyal Institution was oflered to me. I w^as h'lupted at 
tho same time to go elsewhere, but a strong attraction drew me to his 
side. Let me say that it w'as mainly his and other friendsJiips, precious 
to me bey aid all expression, that caused me to value my position hero 
more highly than any other that could be offered to mo in this land. 
Nor is it for its honour, though surely that is great, but for tin* strong 
personal ties that bind me to it, that I now chiefly prize this place. 
You might not credit me w^re I to tell you liow lightly I value tho 
honour of being Faraday’s successor conij)arod with the honour of 
having been Faraday’s friend. His friendship was an energy and 
inspiration ; his “mantle” is a burden almost too heavy to be borne. 

Sometimes during tho last year of his life, by the jierraission or 
invitation of Mrs. Faraday, I went up to his rooms to see him. The 
deep radiance, which in his time of strength flashed with such extra- 
ordinary power from his countenance, had suhsid(‘d to a calm and 
kindly light, by which my latest memory of him is wmincd and 
illuminated. I knelt one day beside him on tho qarpet and placed 
my hand upon his knee, he stroked it aftectionately, smiled, and 
murmured, in a low, soft voice, tlic last words that I remember as 
having been spoken to me by Michael Faraday. 

It was my wish and aspiration to play tho part of S chiller to 
this Goethe ; and ho was at times so strong and joyful, —his body 
so active, and his intellect so clear, — as to suggest to mo the thought 
that ho, like Goethe, would sec tho younger man laid low. Destiny 
ruled otherwise, and now he is but a memory to us all. Surely no 
memory could bo more beautiful. Ho was equally rich in itind and 
heart. The fairest traits of a character sketched by Paul, found in 
him perfect illustration. For he was “ blameless, vigilant, sober, of 
good behaviour, apt to teach, not given to filthy lucre.” Ho hod not 
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a trpce of worldly ambition, ho declared his duty to his Sovereign by 
going to the levee once a year, but beyond this he never sought con- 
tact with the great. The life of his spirit and of his intellect were 
so full, that the things which men most strive after were absolutely 
indifferent to him. “Give mo health and a day,” says tho bravo 
Emerson, “and I will make tho pomp of emjierors ridiculous.” In 
an eminent degree Faraday could say the same. What to him was 
tho splendour of a palace compared with a thunderstorm upon Brighton 
Downs?— what among all tho appliances of royalty to compare with 
the setting sun ? I refer to a thunderstorm and a supset, because 
these things excited a kind of ecstasy in his mind, and to a mind 
open to such ecstasy the pomps and pleasnrcs of the world are usually 
of small account. Nature, not education, rendered Faraday strong 
and refined. A favourite experiment of his own was representative 
of himself. lie loved to show that water in crystallizing excluded 
all foreign ingi*edicnts, however intimately they might be mixed with 
it. Out of acids, alkalis, or saline solutions, tho crystal came sweet 
and pure. By some such natural process in the formation of this 
man, beauty and nobleness coalesced, to the exclusion of everything 
vulgar and 1 'w 1I< did not learn his gentleness in tho world, for 
he withdrew himself from its culture ; and still this land of England 
contained no truer gentleman than he. Not half his greatness was 
incorporated in his science, for science could not reveal the bravery 
and delicacy of his heart. 

But it is time that I should end these weak w'ords, and lay my 
poor garland on the grave of this 

“ Jubt and faithlul knij^ht of God.” 


[J. T.l 



Friday, February 14, 18f>8. 

Sir Henry Holland, Jiart. M.T). D.C.L. F.K.S. President, 
iu the Chair. 

Henry E. 1vo^>(oe, B.A. F.lhS. 

On Vanadium, one of the Trivaleat Gnni^ of Elcuienfs. 


Tut: metal vanadium (so called from Vanadis, a cognomen of tlie 
Scandinavian goddess Freia) was discovered iu 18-‘>0 by Sefstrom in 
the celebrated Swedish bar-iron made from the Taberg ore. From 
this source, even when using many pounds of the iron, Sefstroin 
obtained only minute quantities of the now Riibstaiice, but he found 
it in somewhat larger amount in the slag or cinder produced in the 
reduction of the iron ort). S(fstrom ascertain(‘d some of the most 
peculiar characters of the substance, proved it to be a new (huin'iit, 
and prepared some of its comj)ounds in the pure state. Tlie reac- 
tions by wdiich vanadium can bo separated and distinguished from 
all the otlnr elennaits are: (Ij The foiin.ition of a soluble sodium 
vanadate when th(‘ vanadium compounds are fii (d wdth sodium car- 
bonate ; (2) the formation of an insolubh' ammonium vanadate when 
wil-ammoiiiae is added to tlie solution of a soluble vanadah' ; (d ) the 
I>roduction of a .sjdendid blue solution when this ammoiunm salt, dis- 
solved in hydrochloric acid, is warmed with reducing agdits such as 
oxalic acid. 

Srifstrdra not having leisure to prosecute tho full examination of 
the properties of the new metal, handed over his preparations to 
Berzelius; and it is to the investigations of tho great Swede (1881) 
that we owe almost all our acriuaintance with the chemistry of vana- 
dium. 

Since Berzelius’s time vanadium has been discovered in many 
minemls, of which a lead-ore containing lead vanadate and called by 
the mineralogists vanadinite, is the most important. It has also been 
found in many iron ores, in clay, bricks, and even in caustic soda. 
Still tho quantity of the substance found in all these various sources 
has been extremely small ; so much so, that the vanadium compounds 
must be reckoned amongst the greatest of chemical rarities, and wo 
find them quoted in the price lists of dealers in chemicals at 1«. 6d. 
per grain, or 35i, per ounce I It is clear that our knowledge of tho 
chemical properties of a substance so rare must necessarily be but in- 
complete, as the difficulties of obtaining exact or satisfactoiy results 
with small quantities of material are evident ; and, in fact, flie state- 
ments of the only persons who have worked upon tho subject re- 
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contly (Schafarik CzudDOwicz), instead of giving us aiijmoro reliable 
information respecting the character of vanadium, have only served 
to throw doubt upon sonic of the conclusions of Berzelius, and thus to 
render our knowledge oven less complete than it ap])eared to bo. 

Hence it was with much satisfaction that, in February, 1805, the 
speaker came into possession of a plentiful source of vanadium in a 
by-product obtained in the preparation of cobalt from tlio copjicr- 
bcaring beds of the l(>wcr Keuiicr Sandstone of the Trias at Alderloy 
Edge, in Cheshire. Tlio manager of the works was puzzled to know 
why a blue solution, suj>posed by him to contiiin copper, did not 
deposit the red metal upon a strip of zinc ; the speaker recognized 
this reaction as duo to the presence <»f vanadium, and secured the 
whole of the by-product, which he found to contain about ‘2 per cent, 
of tho rare metal. The exact position of the vanadium mineral in 
the sandstone beds cannot now bo stated, as the mine (at Mottram 
St. Andrews) from which the cobalt ore was obtained is now closed, 
and cannot he entered. The general characters of the deposit are, 
however, well known, and exliibit points of groat interest ; they have 
been well described by Mr. Hull as follows : — 

“ Tho ‘ ^ dgv. ' or escarpment (d Alderley rises from the eastern 
side of the plain of Cheshire grailually towards the cast, but with a 
steep and abrupt ridge towards tho north. This northern bank is 
richly wooded, and has a very beautiful a8])oct when viewed from a 
distance, as it contrasts strongly with the almost level plain which 
sweeps away to the northward and westward from its base. The 
ridge has here been uphoaved along tho lino of a large fault, bearing 
cast and west, throwing down at its base the Red Marl ; and on tho 
other side bringing up tho soft sandstone of the Buntcr, capped by a 
mural cliff of lower Keuper Conglomerate, which often breaks out in 
conspicuous masses through the foliage. Tho beds rise from tho 
plain towards the cast at au angle of about from to 10 \ and the 
escarpment is continued southward for some distance facing the east.” 


Succession of Beds in Descending Order— (/ZmZZ). 


Red Marl 


Watorstonoa 

Frci'fttoue 

(’oppi‘i -bearing Sandatoiio .. 
Coiiglomorato 


Limer Kt'upor 
S.ind.stono, 
500 feet. 


Upper red and mottled Sand- 
atouo 


} 


Buntcr. 


Rod and grey laiuinaiid Mails, 
''Bio\\iiia]i flaggy S,mddtones 
and Malls, 

White ami bro>vii Freestone. 

Sell white, yt How, and vario- 
'j gtiti il Saudtotone. 

Hard quartzose Oniglomerate, 
underhdu by bauds ot Marl, 
forming tho base of tho 
^ Keuper Saiidsh^ne. 

I Soft fine-grained yellow and 
red Baiidstoue, being the 
uj'.'onnost member of tho 
Buiiier Sandstone. 


Tho hods in tho above series which claim tho greatest sharo of our 
attention are those at tho base of the Keuper series, for in these 
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occur the copper and other minerals. The copper, as both blue and 
green cai'bonate, occurs disseminated throughout tlio sand, the ore 
coating the outside of the grains of sand and the pebbles of quartz. 
In addition to copper, bands containing lead both as carbonate and 
sulphide (galena) occm*, also bands and veins of cobalt ochre, oxide of 
manganese, and iron ochre in workable quantity. The copper is ex- 
tracted from the ore by solution in hydrochloric acid and precipita- 
tion as metal by scrap iron. The ordinary copper liquor, ns well as 
the oxide of iron precipitated by lime from the solution of the 
chloride, does not contain any trace of vanadium, nor was the 8 ])oakor 
able to delect any of this metal in the ore as at 2 )resont worked. 

Following, in the main, the process of ^u’ci^arntion adojited ])y 
Sefstrom, the speaker obtained from the above-mentioned lime jn’o- 
cipitate several pounds of pure ammonium vanadate, from which all 
the other compomids of vanadium can be prej^ared. 

What now wore the conclusions to which Berzelius arrived from 
his experiments concerning the constitution of the vanadimn com- 
pounds Ho corroborated Sefstrom s statement, that the most cha- 
racteristic feature of the substance is the existence of an acid-forming 
oxide, termed vanadic acid, produced whenever any of the oxides are 
heated in the air. Berzelius also discovered two other oxides of 
vanadium, of which he ascertained the composition ; and likewise a 
volatile chloride. To the highest oxide he gave the formula V Og, 
to the second V 0^, and to the lowest (or suboxid(i) V O ; whilst the 
chloride was rci)rcsented by V Clj. The atomic weight of the metal 
he ascertained to be V = 68*5. Berzelius came to this conclusion 
from the following experimentally ascertained facts : (^ 1 ) That on 
passing hydrogen over heated vanadic acid a constant loss of weight 
occurred, and the suboxide was formed; ( 2 ) that when dry chlorine 
is parsed over the siiboxide thus prepared, the volatile chloride was 
formed, and a residin' of vanadic acid rimaincd, which was exactly 
equal in weight to onc-third of the acid originally taken for reduction. 
Hence assuming that the lowest oxide contains (m (3 atom of oxygen 
(an assunqitiou borne out by the analysis of the chloride), the acid 
must contain three atoms of oxygen,* and the following formula) repre- 
sent the composition of these com 2 >ounds according to Berzelius : — 

VO VO, VO 3 VCI 3 (V = G 8 -ri) 

The interest attaching to the conclusions which Berzelius fairly drew 
from his experiments was much heightened by an observation made 
by Rammelsberg in 1856, as to the exact crystalline form of tho 
mineral vanadiuite, a double salt of lead vanadiito and lead cbloride. 

So long ago as 1780 Werner had observed the identity of crystal- 
line form of two minerals, viz, apatite, a 2 >hosphato-fluoride of cal- 


* Berzelius concludes that the arid docs not contain two atoms of metal, 
inasmuch as no alum could be formed with potassium sulphate corresponding to 
those formed by well-known sesquioxidcs. 
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cium, and pyroraorphite, a phosphato-chloride of lead ; to which may 
be added, mimetesite, an arson ato-chloridc of lead. These minerals all 
have an analogous composition, being represented by the formula) — 

Apatite 3 (Caj Ob) -f Ca Fl^ 

Pyromorphite 3 (Pba P,j Ofl)+PbCla 
*Mimctcsito 3 (Pbj As^ O 0 ) + Pb Cl* . 

They are truly isomorphous, crystallizing in hexagonal prisms, termi- 
nated with hexagonal pyramids, having the same angles and the same 
length of axes. Kammelsberg added to this list the mineral vanadi- 
nito, which he ascertained by measurement to bo strictly isomorphous 
with the foregoing, and to bo as follows. The angle P on P was in 

1) Vanadinite . 142'’ 30' I 3) Pyromorphite 142° 15' 

2 ) Apatite . . 142^ 20' | 4) Mimetesite . 142° 7' 

and the relation of the length of the axis : 

1) 1 : 0-727 3) 1 : 0 73G 

2) 1 : 0-732 4) 1 : 0*739. 

So far, indeed, has the identity of crystalline form been traced, that 
crystals have been found which at one (md consisted of vanadinite, 
and at the other of pyromorphite (Heddle). Now judging from the 
crystallographic analogies alone, we should conclude that the formula 
of vanadinite is 

3(Pb3v,OB)+Pbat 

the oxide of vanadium contained in the mineral having a formula 
Vitals? agreeing with tlic corresponding oxides of phosphorus and 
arsenic, P<0-i and In making this assumption, we are, how- 

ever, at once confronted with the unyielding chemical facts of Berze- 
lius, according to whicli the oxide in question must be represented by 
the formula V 0.,, and contains tliree, and not five, atoms of ox} gen. 

It is, then, evident tliat wc have here either to do with an excep- 
tion to the law of Isomorphism, or else Berzelius’s views aro erro- 
neous. Until this latter has been proved to bo the case, chemists 
have, however, only been justified in assuming the former alternative 
to be the correct explanation. 

The speaker stated that in order to endeavour to clear up this 
question, he had most carefully repeated Berzelius’s experiments, and 

*This group of mincrala maybe coubulered as Calcium Triphosphofluorhy- 
dine, &c., thus ; — 

3(PO'")lo 3PO"'l^ 

Cm p- Ca5 ( 

FI Cl 

Apnlito. Pyromoi, hite. (Wiirtz.) 

t Or Lead Trivanadochlorhydrine ^ | O 

Cl ^ 
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that he had confirmed them in every particular ; but having pursued 
the subject irirther than Berzelius, he had at last come to conclusions 
concerning the constitution of the vanadium compounds totally dif- 
ferent from those drawn by the Swedish chemist, and had succeeded 
in obtaining the key to the enigma presented by the above anomalous 
crystallogitiphic relations. 

The speaker has proved that the substance supposed by Berzelius 
to be Vanadium, V = 68*5, is not the metal, but an oxide, and that 
the true atomic weight of the metal is 68*5 — 16 = 52*5 (or ratlicr, 
according to the speaker’s exact determinations of the atomic weight, 
67*3—16 = 51*3).* The highest oxide, the vaiiadic acid, V 0„ of Ber- 
zelius, hence becomes a pentoxide, O.s, corresponding to P ,5 0., and 
AsgOj, and the isomorphism of vanadinite with the pyromoi-phito 
group of minerals is fully explained. The suboxide of Berzelius is 
a tri-oxide, O 3 , whilst the terchloride (V Cl,) of Berzelius is an 
oxychloride, having the f(^rmula V O Clj, and corresponding to oxy- 
chloride of ph(.sphorus, P O Clj. Tlie oxide supposed by Berzelius 
to be the metal contains 51*3 parts by weight of vanadium to 16 parts 
by weight of oxygen, and the vanadic oxide of Berzelius also exists, 
containing 51*3 parts of the metal to 32 parts of oxygen ; to tlieso 
cxidcs the empirical forinuL'c V^O* and may be given. Thus 
we have the folloNviug as representing the true composition of these 
vanadium compounds : — 

Dioxide. ThoxkK Titroxide. Poiitoxidi' OxytriclilonJc. 

V = 51*3 V„0, V ^03 V.,(), Y.,0, VOCI 3 

Each of the four oxides can be obtained in the anhydrous state; 
the dioxide is prepared as a grey metallic powder, by. passing the 
vapour of the oxytrieliloridc mixed with hydrogen over rod-liot Ciirbon. 
The trioxide is obtained by the reduction of vanadic acid in a current 
of hydrogen, and thc'tetroxide is formed by the slow oxidation of the 
trioxide. 

The lowest or dioxide of vanadium (V 2 O 2 ) is obtained in solution 
by the reducing action of nascent hydrogen evolved from zinc, cad- 
mium, or sodium amalgam upon the sulphuric acid solution of vanadic 
acid, whicli, passing tlirough all stages of blue and green colour, ulti- 
mately assumes a permanent lavender tint. This solution of V^ 0^ in 
sulphuric acid acts as a most powerful reducing agent, bleaching indigo 
solution and other vegetable colouring matters as rapidly as chlorine ; 


• In liis paper on Vanadium, rend before the Royal Society (Dec. 10, 1807), 
the author ventured to predict that the diflcrcnce lictwccn the iiumlwr he obtained 
(67*3) and that found by BerzeliuH (68*5) was probably owing to the fact that 
the vanadium compounds employed by Berzelius contained traces of pbosphorus, 
which render the perfect reduction of the vanadic acid in liydrogon hu possible. 
Most fortunately this Hupposilion lias been singularly verified, inasmuch as Dr. 
Frankland has kindly placed in the speaker's hands a small specimen of vanadiate 
of ammonia found in Faraday's collection, and labclletl, “Sent to me by Berzelius, 
1831.” On examination, this sample was found to contain considerabld quantities 
of phosphorus, thus confirming the speaker’s previously expressed opinion. 
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it also absorbs oxygon with avidity from tho air, forming a deop brown 
solution. The other oxides of vanadium may be obtained in solution 
by the action of various reducing agents on tho sulphuric solution of 
vanadic acid. Thus, by tho action of nascent hydrogen evolved from 
magnesium a permanent green tint is obtained, and tho vanadium 
is contained in solution as tho trioxido, O 3 ; whilst if moderate 
reducing agents, such as sulphurous acid, sulphuretted hydrogen, or 
f)xalic acid are employed, the colour of the liquid does not pass beyond 
tlie him stage, and the vanadium is contained in solution as tetroxido, 
The different colours of solutions containing these oxides 
was exhibited by means of tiio magnesium light. 

The fact that tho lemon-coloured chloride (tho toi’chlorido of 
Berzelius) contains oxygen was clearly demonstrated during the 
discourse by passing tho vapour from a few grammes of tho substance, 
together with perfectly pure hydrogen gas, over red-hot carbon. A 
portion of tho oxygen of tho oxychloride unites with the carbon to 
form carbonic acid, and the prcRcncc of this gas was shown by tho 
precipitation of barium carbonate in clear baryta water contained in 
two test-tubes placed one before the other. At the commencement of 
tho cxj)erii_Juc, ilu* carbonic acid was entirely absorbed by the small 
quantity of baryta water contained in the hi’st test-tube ; but after 
some time the hydrochloric acid gas simultaneously produced by the 
decomposition of the chloride saturated this litjuicl, expelling the car- 
bonic acid gas, wliicli being carried forward into the second test-tube, 
threw’ down a bulky precipitate of barium carbonate, thus showing 
that the turbidity cannot possibly bo due to the presence of any 
vanadium eompouiid. It was found quite unnecessary to place a tube 
containing heated copper oxide after the red-hot carbon, for the pur- 
pose of oxidizing any carbonic oxide givs wliicli might be formed, inas- 
iiiueh as carbonic acid was always left in sufficient quantity to give a 
considerable precipitate. No metliod Las beeu found for separating 
the whole of the oxygen from tho oxycldoride, and hence it has been 
impossible, to make tJic above c‘xperimcnt qiiantitativcdy. Solid oxy- 
chlorides arc obtained by the action of liydrogeii iqion the oxytri- 
chloride, one of which resembles iiuisaic gold, possessing a bright 
metallic bronze-liko lustre, and liavmg been taken for the metal by 
Schafarik. 

The atomic weight of vanadium w’as determined ( 1 ) by rcxlucing 
tho peiitoxido to trioxide in a current of hydrogen. (^2) By the 


* In his comrauiiicution to the Royal Society (Bakerian Tx'cture, Prf>e. Royal 
Soc., XVI., 220), the nutlior gave the ompinair formula V O and V Oa to the Ist 
and 3id oxides of v.tnadium, ns the moleeiilar weiglits of these oxides have not 
been determined, and it is uneortain whether they obey the law of even atomicities, 
or, like tho only ooiTospoiidiiig compounds, the nitrogen oxidc<j, are exceptions to 
this law. 

On consideration, the author has, however, thought it best to adopt the doubled 
formula rs urged by Sir Benjamin Brodie on the occasion above referred to. 


HS Vol 2 E* 
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analysis of tlio oxytrichlorido. The atomic weight obtained as the 
mean of a large number of well-agreeing experiments is 51*3. 

The metal itself has not yet been obtiiincd, but a compound of 
vanadium and nitrogen has been pre 2 )ared, shown by direct analysis 
to contain 14 parts by weight of nitrogen to 51*3 ])ait 8 by weight of 
vanadium, corresponding to the formula V N. The existence of this 
compoimd is proof positive of tho true atomic weight of the metal, 
and the nitride serves as the point of departure from which to seek 
for tho metal and the true chlorides of vanadium, one of wliicli, V CUj, 
has already been prepared by the action of chlorine upon the nitride. 
It is a dark brown liquid, which decom 2 )oses when tlirown into water, 
forming a green solution containing V 2 OJ. The S 2 )eaker demonstrated 
the fact that tho oxychloride, V OCI3, when thrown into water decom- 
poses with formation of a yellow solution of vanadium 2 )cntoxide, Vg 0 ,, 
whilst the trichloride, V CI 3 , on being biniilarly treated yields a green 
solution containing the metal in solution as trioxido, V,. ()j. He then 
compared tlicse reactions wdth the decomposition of the corresponding 
phosphorus compounds, P O CI 3 and P Cl^, forming ]\ O, and P* O^, 
and rendered these reactions visible by obtaining a 2 )recipitate of 
yellow silver phosphate in the first case, and of black metallic silver 
in the second. 

The characters of the vanadates themselves bear out tlio analogy 
of the highest oxide w'ith the correR 2 )onding oxides of i)hoK 2 >horus 
and arsenic. In the first 2 ^bice, all tho naturally occurring vanadates 
are tribasic ; secondly, the true character of vanadic acid is sliown to 
be tribasic, by the fixct that, when the 2 »onto\ide is fuscnl w'ith sodium 
carbonate, three atoms of C Og are liberated, and the normal or ortho- 
vanadate, NagVgOfl (corresponding to Na,rg()„), is formefl ; tliirdly, 
the so-called mono vanadates are monobasic salts, corresponding to the 
monobasic 2 )hos 2 jhatcs, and maybe tenned meta-vanadatos, thus, Xa V O 3 
and Ba 2 V Oj, whilst the so-callcd bi-vanadates are anliydro-salts. 

All the reactions by which Berzelius cx 2 )lained the facts ho dis- 
covered, can equally well bo represented according to tho now atomic 
weight and constitution ; thus 

Berzelius’ Formula. 

V=G8'5 0=8 

1) V 03 +Hg=V 0 + IIg0g 

2) 3(V0;-|-C1,=V03+2(VC1j 

New Formulae. 

V=5P3 0=1G 

Vg0, + 2 H,=Vg 03 + 2(Hg0) 

3 ( Vg + 6 Clg= Vg O 3 + 4 ( V O Cl) 

The stated that the foregoing facts clearly 2 )ointed out 

that vanadium, hitherto standing in no definite relation to other ele- 
ments, must be regarded as a racniber of tho well-known Trivalcnt 



LIBRARY OF SCIENCE I 3 I 

or Triad class of cU‘mciitary substances, comprising nitrogen, phos- 
phorus, boron, arsenic, antimony, and bismuth. 

It is true that we are still but imperfectly acquainted with many 
of the c]iaract(irs of vanadium, but tlie mere its nature is studied, the 
more points of family resemblance will be discovered, and the more 
close will the ties be found, which bind it to the; great Ti*iad family. 

The following tabular statemtuit of tlie compounds of the most im- 
portant members of this grouj) clearly shows their common relations : — 


Trivalent Group of Elements, 



Nitrogen 

l‘lio‘'i)horu'5. 

Vaiiadiuin. 

Ai >>01111 . 

Antimony. 


N = U 

P - :il 

V - ill -3 

As = 75 

Sb=122 

TrihydjMos .. 

Nil, 

1* 11, 

— 

As H, 

SbH3 

Triohloridca . . 

N 01, (?) 

1*01, 

voi, 

As CJ3 

SbCl, 

Pent.iclilorides 


P 01, 



Sb Cl 3 

Oxyclilorulod 

— 

P O (Jl, 

V o 01, 

— 

— 

Monoxides .. 

N.O 



— 

— 

DioxMes .. .. 

N,0., 

— 

v..o„ 

^ — 

— 

Trioxidos 

N.O, 

r.,o. 

v:o. 

As^O,, 

^b,03 

Tetroxides . . 

N.O, 


v.o, 

— 

Sb^O* 

Pontoxidos . . 

n:o. 

p,.o. 

V..O, 

As^Ojj 


In concliisi(m. 

the speaker 

remarked 

that vanadium was 

the fourth 


substance, supj)os(‘d by its discoverer to be a metal, wdiich had in 
recent years been shown to be a compound body. 

Titani}im. IraniHiti, ^luhium. \auaUtum. 

Wollaston, 1823. Kbpiotli. ITS'.l. ( Hat, IsOl. 1 S, fstiom mid 
Woliler, 18411. Pi 18W. ^ l{o.si , Ihl2-()1 . \ Ult/i Im-*, 1831, 

Mangimt'. l.'lH,'). 


[H. E. R,] 



Friday, February 28, 1868. 

Sir Henry Holland, Bart. M.D. D.C.L. F.R.S. President, 
in the Cbair. 

A. Vernon Harcourt, Esq. M.A. 

StCRITAHY OF THB CHI-MICAL tjOCIETV. 

On the jRate at irliich Chemical Actions talce place. 

The science of Chemistry may be defined as the science wljicli invea- 
tigates the relations of the different kinds of matter one to anotlicr. 
The conception of different kinds of matter, -each of wliich has its 
particular character, its own colour and crystalline form, its o^^)l liard- 
ness and brittleness or the reverse, its own conducting powois, its own 
specific heat and specific gravity, and many other peculiarities of its 
own, and each of which is homogeneous, the smallest particle having 
all these properties equally with the largest mass, — is the fundamental 
conception of Chemistry. 

And the whole world to a chemist is only a mixture of such diffcicnt 
kinds of matter, whose mode of aggregation has Ix'on and is being 
determined by physical and vital forces which are foreign to his 
science, but whose resemblances and differences, and whose changes 
under changed conditions or by contact one with another, form the 
subject of his study. 

In the study of any chemical change there are two things to be 
discovered : first, the result of the change, — what kinds of matter have 
ceased to exist and what liave come into existence ; and secondly, the 
course of the change ; as to which such inquiries as the following pre- 
sent themselves, — at what rate docs the change occur, and under what 
conditions ? Is it simple, or does it consist of several changes ? Are 
these dependent or independent, successive or simultaneous V — with 
many others of a more hypothetical kind as to the molecular natuie of 
the change. A familiar example of this twofold nature of chemical 
inquiry may hedmwn frcun the case of a fire, a chomieal change w'hi(di 
has been mure watched than any other. Wo know all that is to ho 
known as to the result of the change, when wo have discfjvcred tliat 
the coals are a mixture of various hydrucarhoris with a small quantity 
of metallic salts, tliat the air is a mixture of oxygen and nitrogen, and 
that when the fire has burnt out, there c'xists, instead of so much coal 
and so much air, a quantity of carbonic acid and water, the salts, which 
form the ash, and tbo nitrogen naiiaining mainly as they were. But 
there is still mucli besides tins to la‘ found out as to the burning of the 
fire. n<jw, for examph', is the rate at which it burns affected by the 
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(liMUght, ()]• by tlic density of tlif* air, or by the Im'aking up of the fuel, 
or by access of tlie sun’s rays? Wliat are the substances, formed 
from tlio h(‘ated coal, wliich actually burn ? Does the reduction of the 
pnulucts of combustion by carbtni play an important i)art in tlic phe- 
nomenon ? Such questions as tlu s(‘ relate to the course of tin) chemical 
change. 

The two lines of inquiry thus indicated have bed'll pursued with 
very unequal vigour. TIu' study of the resuits of chemical action has 
cngroKsi'd the attention of chemists almost to tlve exclusion of the 
study of tlw'ir course. And, indt'ed, so great is tin' number (»f <lilFercut 
kinds of mattiT, all capable* of undergoing a multitude of changes by 
the action of In 'at or electricity or by contact nith otliers, giving rise 
thus t(» new kinds of matter capibh* of simdar changes, that this part 
of the science appears al)Solntely boiindh ss. Tlie direction which 
chemistry lias taken in c(msiqu(‘nce of this suptrabundanee of mate- 
rials may, [lerhaps, be contrast'd with that taken by phys‘.*al science. 
If the iiuiuIkt of distinct jdiysical forces met with in nature, such as 
giavity, magnetism, eh'ctricity, lu'at, light, Ac., instc'ad of being quito 
a small nuniber, had been a large numlx r, and these forces had proved 
to be couv'eriinlv not only one into auotluT Imt into an infinite variety 
of other distinct forces, phyj^ieal expi'rinientalists might have occupied 
themselves w^holly with establi.shing tin* transmutations of one kind of 
force into another and cixatiug new modes of force, instead of studying 
minutely, as they have done, the conditions undm* which the existing 
forces are produced, and the laws which govern their disti’ibution and 
transformation. 

It is, however, not only the vastness of the eliemical fiehl, and the 
particular satisfaction which so solid a result as the creation of a new 
kind of matter brings to the mind of tlio investigator, wliieli 1ms led 
to the neglect of the study of the course of eliemical changes. This 
study is bt'set with peculiar difficulties, aud indeed, out of the vast 
number of eliemical ehaiiges whose rt'sults are known, there aie but 
very few avIioso course can readily bo observed. The principal reason 
of this is the velocity with which such changes take place ; and this 
velocity is apt to be the greatest in the ease of the simple eliemical 
actions which are most suitable for investigation. Either, then, wo 
must contrive somo raodo of estimating a very great velocity, as has 
been done for tho measurement of the rate at which light and elec- 
tricity travi‘1, or we must select a change— and tins the variety of 
chemistry makes po.ssible —which proceeds at a rate convenient for 
observation. 

Examples of the different velocity of chemical changes are furnished 
by the precipitation of a barium and of a calcium salt from their solu- 
tions upon the addition of a sulphate. With tho former, the change 
is apparently instantaneous. Tho result is known, but the course can- 
not bo observed. With the latter, the change is gradual, and it would 
bo possible to determine its rate at different temperatures and with 
different quantities of tho two salts in solution. 



LIBRARY OF SCIENCE 


134 

Tlio decomposition of a hyposulphite in an acid solution is another 
example of a gradual, observable change. 

Wo may compare, also, the reduction of a chromate by a sulphite 
and by an oxalate. The former occupies no appreciable time ; tho 
actual time is, doubtless, greater in a more dilute solution and at a 
lower temperature, but we cannot discern any difference. But with 
an oxalate for reducing agent, tliough the final result of tho cliaiigo 
is the same, tho action takes a long time to accomplish itself, and it 
would be quite practicable to observe in what way diflferent circum- 
stances affect its rate. 

But in order to discover the laws which govern tho rate of any 
chemical change, some exact mode of measuring tlie rate is necessary. 
It remains to show how tliis may be accomplished in certain cases. 

A solution of ammonium nitrite, heated to a temperature of about 
80° C. in a flask provided with a gas delivery tube, gives off a quantity 
of nitrogen, which may be collected over the pneumatic trough. By 
keeping tho temperature constant, and collecting the gas evolved 
during successive equal intervals of time in similar cylinders, it is 
possible at once to show tho rogulai* diminution in the volume of gas 
which is caused by tho constant diminution of the quantity of salt in 
solution. And by making tho ex 2 >eriment and nu'asuring the quan- 
tities of gas with accuracy, it would be pc'ssible to discover tlic relation 
between the amount of change going on at any moment and the 
amount of salt in solution, and also, by making the cx])orimcnt at 
different temperatures, to discover how the temperature of the solution 
affects tho rate at which the action takes 2 )lace. 

The reduction of a permanganate by an oxalate in an acid solution 
furnishes another case of a gradual measurable change, and has been 
more fully studied. Here it is possible to start the change at any 
moment by adding the measured quantity of permanganate to the 
other ingredients and mixing rapidly. It is also possible to stop it 
at any moment by adding a solution of iodide to tho mixture ; and the 
iodine which is set free by the action of tho residual permanganate 
corresponds to it in quantity and can readily be estimated. By 
making a number of such experiments, differing from one another only 
in the time during which the gradual change is allowed to proceed, its 
course may bo traced throughout with any required degi’co of minute- 
ness. The results obtained in many series of such experiments are 
given in the ‘Philosophical Transactions for 18G6,’ j). 206. The 
general conclusion to wliicli they lead is that the total amount of 
change occurring at any moment is directly proportional, all other 
conditions being alike, to tho amount of permanganate in the solution. 

The last chemical change which has been investigated from this 
point of view, is that which takes place when dilute acid solutions of 
an io<lido and a dioxide, such as barium or sodium dioxide, aro mixed 
together. By arranging suitably the dilution, acidity, and tempe- 
rature of tho solution, the change may bo made to proceed at any rate 
that is most convenient for measurement. One of the products of the 
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change is iodine, a substance for which wo have, in its action on 
stiirch, a most delicate test. By bringing a small known quantity of 
hyposulphite into tlio liquid, all the iodine that is formed by tho 
gradual reaction of peroxide an<l iodide is reconverte<l into iodide, and 
this continues till iodine enough has been formed to remove all the 
hyposulphite. As soon as the last particle of hyposulphite has been 
removed (converted into tetrathionatc), free iodine appears in the 
solution, and tho moment of its appearance may bo noted by carefully 
watching tho colour of the liquid. By adding successive quantities 
of hyposuli)hitc, and observing tho interval which elapses between 
successive reappearances of tho blue colour of the io<lide of starch, it 
is possible accurately to determine the rate at which the change is 
proceeding. An account of a number of experiments made in this 
way, and of their results, is to be found in the * Philosophical Trans- 
actions for 1867,* p. 117. Each set of observations determines at 
what rate the dioxide is reduced under certain definite conditions ; 
and by making different series of experiments, in which the several 
conditi(‘ns affecting the rate of change are systematically varied, it is 
possible to discover the laws of connection between each of tho 
conditions and the amount of change. Having discovered these laws, 
our knowledge of tho change is so far ccmplctc, and wo can predict 
with certainty tlie time that would be required for any given amount 
of change under any given circumstances. 

The following propositions embody tho principal conclusions to 
which tho examination of these cases of gradual chemical change has 
led 

1. The rate at wliicli a chemical change proceeds is constant 
under constant conditions, and is independent of the time that has 
elapsed since tho change commenced. 

2. When any substance is undergoing a chemical change, of 
which no condition varies, excepting the diminution of tho changing 
substance, tho amount of change occurring at any moment is directly 
proportional to tho quantity of the substance. 

3. When two or more substances act one upon another, the amount 
of action at any moment is directly proportional to the quantity of 
each of tho substances. 

4. When the rate of any chemical change is affected by the 
presence of a substance, which itself takes no part in tho change, 
tho acceleration or retardation produced is directly proportional to 
the quantity of tlie substance. 

5. The relation between tlie rate of a chemical change occurring 
in a solution, and the temi>eratiire of the solution, is such, that for 
every ad<litional degree the number expressing the rate is to be multi- 
plied by a constant quantity* 

[A. V. II.] 



Friday, April 24, 1868. 

Sib Henry Holland, Bart. M.D. D.C.L. F.R.S. President, 
in the Chair. 

J. H. Gladstone, Ph.D. F.R.S. 

On some New Experiments on Light. 

The speaker commenced by referring to the fact that we are constantly 
making new experiments or observations on light : in fact, all seeing 
is but a comparison of different degrees of light and shade, and the 
contrast of colours. Most of the rays that meet our eyes from sur- 
rounding objects are reflected rays, but some of the commonest tilings, 
such as the watcr-b<)ttles and tumblers of cut-glass on our dining 
tables, exhibit beautifully th(5 bending, the magnifying, the diminishing, 
and the production of coloured fringes, due to rcdraction. The purpose 
of this discourse was to rise from the simplest phcinuncna of this kind 
to a consideration of Refraction-equivahmts, and to describe the state 
of our present knowledge in regard to them. 

By means of the electric lamp it was shown that a piece of glass, 
or other transparent body, will throw a perfectly black shadow 
if the two surfaces through which the ray passes be not parallel ; 
that tlie light is then bent on one side, and at tho same timo spread 
out into its component coloims; that this bending (refraction) varies 
with the amount of inclination of the two surfaces to one anotlier, but 
in such a way that the sine of tho angle of refraction bears a constant 
ratio to the sine of tho angle of incidence ; that this constant uiimbtT, 
tenned the index of refraction, or a, belongs only to the onci substance, 
each solid, liquid, or gas having its own index ; that there is no 
necessary connecti<jn between the amount of refraction and the length 
of the spectrum (dispersion) caused by different substances, whether 
gaseous, liquid, or solid — for instance, a solution of an iodide always 
disperses more than a solution of tho chloride of tho same metal, even 
though it bo diluted to tho same amount of refraction. 

This index of refraction is affected by change of temperature. Iii 
liquitls, and probably in all gases, the bending decreases as the thermo- 
meter rises ; in solids, on tho contrary, as lately shown by Fizcau, tho 
change is in the opposite direction, crown glass always remainijig tho 
sanio, and fluor spar being tho only case where he observed a dimi- 
nution. This was experimentally demonstrated in regard to liquids. 
Thus a yellow sodium iiiy, which had passed through a hollow prism 
filled with oil of nutmeg, and thence through another filled with 
bisulphide of carbon, moved some inches along tho screen, when tho 
nutmeg oil was warmed a few degrees by stirring it with heated iron 
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wire. This index of refraction is still more materially affected when 
a body i)a8sos from the solid to the liquid, or from the liquid to the 
gaseous condition ; a fact that was illustrated by the visibility of the 
water melted in crystalline spaces in tho middle of a block of ice. 

The index of refraction of a mixture is moreover not always 
the mean of tlio indices of its constituents. Thus a ray passed suc- 
cessively tlirough two hollow prisms filled with equal quantities of 
alcohol and water respectively, fell on the screen in a certain position; 
but when tho two liquids were mixed together, and divided between 
the two prisms, the ray was visibly refracted to a greater distance. 

These changes depend on tho alterations of volume which tho 
substances undergo ; and tho sjieaker, in conjunction with tho Rev. T. 
Pelham Dale, had observed in liquids that tho index of refraction, 


minus unity, divided by tlie density (in symbolic language ^ 


constant for all temperatures, and for all mixtures, or rather that tho 
coincidence is very close but not quite perfect on account of some 
other law not yet understood. This conclusion lias been abundantly 
verified liy Landolt of Ilomi, Kettcler, and Wullner, and the former 
cxjieiimcnt^j. Ka.- fiundcd upon it a method of analyzing mixtures 
of liquids. 

This iinchangoablo number ^as ttTmcd the “specific refraedivo 
en(Tgy ” of tho substance, and it seemed to hold good notwithstanding 
a change from tho solid to tlio liquid or tho gaseous condition, it was 
early observed that tho specific refractive energy of a compound bore 
a close resemblance to tho mean of the specific refractive energies of 
its components. Landolt, by multiplying this number by the chemical 
equivalent, facilitated tho calculation gi’catly, lie termed this new 


number tho “ refraction-equivalent,” P ^ ^ and proofs have rapidly 


accumulated that the number is little afiected, not only by temperature, 
change of aggregate condition, mixture, or solution, but even by strong 
chemical combination. 


Thus diamond, which is crystallized carbon, has the refraction- 
equivalent 6’0 ; sulphur has IG 0. Bisulphide of carbon, C S^, which 
is nearly tho most refractive liquid knouii, should therefore be repre- 
sented by 6 + 2 X 16, that is 37*0. The experimental number is 37*3. 
But tho diamond will bum in oxygen, and is thus convei’ted into 
carbonic anhydride, while it is possible to reduce this gas into another 
containing only half the amount of oxygen, namely, carbonic oxide. 
The refraction-equivalents of these gases, as deduced from Dulong’s 
observations, are respectively 10*03 and 7*53 ; but tho difference 
between C 0* and C O is one equivalent of oxygen, and the difference 
between tho above numbers is 2*5. This then may bo taken as tho 
refraction-equivalent of oxygen, and subtracting it from C 0 = 7*53 wo 
have remaining C = 6*03, practically the same number os that obtained 
directly from crystallized carbon. Similarly, but generally by more 
indirect methods, it has been determined that this element, whether 
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pure as diamond or combined with other elements to form gases as the 
above-mentioned, coal-gas, or cyanogen, or liquids as chloride of 
carbon, benzole, oil of turpentine, alcohol, or ether, or solids as 
paraffin, sugar, or camphor, is still exerting the same influeneo on the 
rays of light that set its particles in motion, an influence that we can 
express by the number 6*0. Again to revert to sulphur, the two salts 
sulpho-cyanide and cyanide of potassium — K S Cy and K Cy— differ 
by one equivalent of this element, and their refraction-equivalents as 
determined from their aqueous solutions are respectively 33 ’4 and 
17-1, numbers differing by 16*3, a number almost identical with that 
reckoned from molten sulphur. In this way the refraction-equivalents 
of a large number of the elements have been determined; and the 
following table comprises what seem the most probable numbers 
among those that have been hitherto published by Landolt, Haagen, 
and Schrauf, as well as the speaker : — 


Hydrogen 

Atomic weight. 

.. .. 10 

Jtrfiaclion- 
dimv aloiit. 

1-3 

Chlorine 

.. .. 35-5 

0-8 

Broiniiio 

.. .. f>00 

15 7 

IfHllllO 

.. .. 1*27 0 

21- 1 

Oxygon .. .. 

.. .. 160 

30 

Sulphur .. 

.. .. H2-0 

160 

Oirlxm . . , . 

.. .. 1*20 

50 

Rilioium .. 

.. .. 280 

62 

Nitrogen 

.. .. u-0 

4 1 

riiOtophoiua .. 

.. .. 31-0 

lS-5 

Arsenic . . 

.. .. 7.V0 

16-0 

Antimony 

.. .. 122*0 

25 7 

Vanadium 

.. .. 511 

25- 1 

Sodium 

.. .. 2:;o 

40 

Tin . . ^ . 

.. .. 1180 

13 2 

Coi»por , . 

.. 631 

11 2 

Mercury 

.. .. 2000 

21-6 


The above numbers are reckoned for the red ray. Most of them 
can as yot claim to be considered only as aj>proxiniativo ; and it seems 
certain that some ehuieiits, as oxygen and Milphur, have more than 
one refraction-e<pii valent. 

Vanadium, though inclueled in the above table, has only just been 
deterinimHi, and that from the oxy-triehloride which Rrofessor Koscoe 
exhibited a few weeks before. It is interesting, as it supports his 
theory of the close analogy of phosphorus and vanadium, for those 
two bodies, with sulpliur, exceed all others in refraction and esiKJcially 
in dispei-siun. 

The speaker stated that ho was now engaged in examining the 
effect of salts in sdution on the rays of light, and that ho ho 2 >od to 
determine in this way the refi*action-equivalents not only of a multi- 
tude of salts, but of the metallic elements thcmselv(;s. 

But the question may be asked, “ If a substance has a refraction 
compounded of the refraetijm of its constituents, how can bodies suoh 
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as Iceland spar Lave two refractive indices ? Now these are crystal- 
line bodies, or if uncrystallized they have become doubly refracting 
by being unequally heated or compressed. In cither case we may 
suppose a different amount of tension in different directions ; and tho 
fact of the tvvo rays being oppositely polarized points to some such 
difference of molecular arrangement. It is easy to understand that 
the change of tension or internal structure may act in the same way 
as a change of density in modifying the velocity of transmitted light, 
and therefore the amount of its refraction. But if we take tho crystal 
to pieces by dissolving it, there can then no longer be uneipial 
tension or unsymmetrical arrangement of particles, and it must have 
one refraction-equivalent. And this is always the case. The numbers 
deduced from Brewster’s observations of the tv\o rays of crystallized 
nitre are 16*3 and 25*0, while tho equivalent of nitre dissolved in 
water is the intermediate number 21*8. 

[J. H. G.J 



Friday, May 8, 1868. 


Sir Henry Holland, Bart. M.D. D.C.L. F.R.S. President, 
in the Chair. 

C. Greville Williams, Esq. F.R.S. 

On the Artificial Fm'iaiation of Organic Substances. 

Chemical researches are liable at various epochs to take special 
directions. Before 1880 organic chemistry was comparatively little 
studied. The simplification of the methods of organic analysis by 
Liebig took place at a most opportmie moment, and gave an extra- 
ordinary impetus to the study of carbon compounds. So great was 
this iufiucnco that proximate and ultimate analysis made a progress 
the rapidity of ^^llich was unexampled in the history of scitmee. 

But chemists soon Ixjcamc dissatisfit d with merely determining 
the composition of substances, and they very soon began eagerly to 
study their products of decomposition, and in this manner get a clue 
to the way in which nature had put them together. 

The successful attack on this problem led to a much grander ono 
suggesting itself. This was to utilize the insight analysis liad given 
them into the constitution of substances, and to endeavour to Jbuild them 
up without the assistance of life. The speaker showed that wo thus 
arrive at the two great engines of chemical research, analysis and 
synthesis. 

He then proceeded to define and illustrate experimentally theso 
terms. 

In organic chemistry the information supplied by the analysis of a 
substance often renders its synthesis easy. Water was decomi)Osed by 
a battery, and its properties and quantitative i clations shown. The 
mixed gases were then introduced into a soap-bubble, so prepared as 
to last a considerable time. It was by a simple contrivance attached 
to a thread, and the lightness of the enclosed gaw‘s was shown by the 
fact that the bubble was able to raise the thread and a disc of paper 
into the air. The energy with which the mixed gases combine to 
form water was then shown by applying a light to the bubble, when 
it burst with a loud report. The quantitative synthesis of water was 
experimentally shown by passing hydrogen over cupric oxide in an 
apparatus which aUowed of the collection of the water. It was then 
shown that in organic chemistry the molecules are generally too com- 
plex to be put together so cosily ; and this statement was proved by 
reference to the constitution of mctbylamine, the simplcbt of the 
organic alkaloids. 
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The speaker then wont somewhat fully into the question of the 
propriety of the use of the terms “ organic and “ inorganic.” He 
showed also that all the attempts hitherto made at separating chemistry 
into tw'o distinct branches had failed. Liebig’s definition of organic 
chemistry as the “ chemistry of compound radicles ” being obviously 
inade([uato, inasmuch as some compound radicles (such as sulphuryl 
and ph()si)horyl) are certainly inorganic. 

Laurent’s definition, “ chemistry of carbon,” is equally insufficient, 
inasmuch as carbonic anhydride and carbonic tetrachloride are as 
clearly inorganic as sulphui’ic anhydride or sodic cliloridf*. He then 
proceeded to argue that chemistry was “one and indivisible,” and 
stated that one of tlie chief aims of his discourse was to prove that 
assertion. 

It was shown that until within the last f(‘w years all the specific 
attempts made to break the apparently natural barriers between organic 
and inorganic chemistry had proved failures. 

It was true that in the course of the innumerable researches and 
cxperimcuits made by chemists, one or two of the simple organic bodies 
had pres^aited themselves ; but, like ur(‘a and cyanogen, they were 
substances ns it were, hov(‘r(‘d on the confines of inorganic 

chemistry, and would have been called inorganic had they not con- 
tain(‘d carbon. 

Th(‘ grand problem, wliicdi c(»nsisted in taking the elements them- 
selves, and building them up <jradatim into the proximate principles 
existing in the tissues of plants and animals, until lately aj)pea7*ed 
almost hopeless. This ai)parent difficulty w\as sho^vn to arise from 
the mistake of supposing tliu proximate i)rinciples of animals and 
vegetables to result from an occult 2)()\ver vaguely termed the “ vital 
force.” It was at one time supposed that tlic laws wliieh regulate 
combination were either suspended or modified in the tissues of living 
creatures, but the speaker urged that whenever the proper reagents 
were ma^le to act upon each other under the proper conditions, the 
same substances were pr()duc(‘d which at one time were supposed to 
require the aid of vitality for their formation. 

The problem of the “synthesis,” or building up of tb^'^ so-called 
organic substances, w^as then shown to present itself (in the present 
state of chemistry) under two aspects : — 1st. Where they are prepared 
by the aid of reagents, which have themselves been produced directly 
or indirectly from aniiujtls or vegetables. 2nd. Wliere the synthesis 
was effe(;ted from the free elements themselves, from hydrogen and 
pui*o carbon. 

Tho speaker then proceeded to enumerate some of tho principal 
instances where substances originally derived from animals or vege- 
tables bad been formed synthetically. Wohler’s synthesis of urea 
was shown to bo one of the earliest in point date, and his method 
was descrilxMl, and also Kolbo’s new process by tho mere heating of 
ammonic carbonate to a point just below that at which urea is de- 
composed. 
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One of the next most important steps in the history of synthesis 
was shown to bo the conversion of carbonic disulphide into carbonic 
tetrachloride or perchlorinated marsh gas. Inasmuch as carbonic 
disulphide is a purely inorganic body, it is evident that any substance 
which can be formed from it is a case of true synthesis. 

The following equations represent the steps by which acetic acid 
may be produced from carbonic disulphide : — 


06, + GCl, = CCl, + 2(SC10 

Carbimic Car1>utiK Siilphui ic 

dii<ulpLidc. tctiac blonde, tetiacldoiide. 


2(CC1.) = C,C1. 4- 2C1. 

C’aibtmic Catbonic 
U ti achlut idc. dn hlundc. 


aci. 4- Cl, = c,ci, 

Caiboiiic Cubonic 

di(.hU»ri<te. triLblorid<'. 


C,C1, 4- 2(11,0) = C,nci30, + 3(HC1) 

Carbonic 'liicblo* acetic 

tiK blonde utid. 


c,nci,0, + 311 , = C,U.O, + 3I1C1 

1 IKllloia*.* tJ«. 

and lud 


This important series of reactions, then, result in the production 
of acetic acid, one of the most marked of the so-called organic acids, 
from purely inorganic materials. 

The synthesis of oxalic acid by the direct union of carbonic an- 
hydride with sodium, aS recently accomplished by Dr. Drechscl, was 
next described, and it was shown that as oxalic acid, by mere distil- 
lation, yields formic acid, the synthesis of the first acid leads directly 
to a new synthesis of the second. 

The other modes of effecting the synthesis of formic acid were 
then pointed out, viz, : — Bertholot’s process, which consists in heating 
potassic hydrate in an atmosphere of carbonic? oxide ; and Kolbc and 
Schmidt’s method, by exi) 0 sing potassium to a warm moist atmosphere 
of carlxjnic anhydride. 

The speaker, in the course of his remarks on tho constitution 
of formic acid, showed that the quantity of oxygen in it was so largo 
that it only required one atom more to convert it into carbonic acid 
and water. Its easy oxidation was illustrated by letting it fall on 
plumbic dioxide in an apparatus which caused tho evolved gas to pass 
into a solution of baric hydrate, tho result being a copious precipi- 
tation of baric carbonate. 

Having shown that acetic acid can bo formed from carbonic 
disulphide and the chlorides of carbon, and oxalic and formic acids 
from the oxides of carlK)n, the speaker proceeded to indicate tho modes 
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in which coraplox bodies, hitlicrto obtained from animal and vegetable 
soureoa, can be built up from elemental carl)Oii and hydrogen. 

If carbon can only bo inadci to c'ombine directly with hydrogen, 
no matter how simple the resulting coinpmmd may be, it becomes 
possible to eftbet the synthesis of a vast number of the most charactcr- 
istic substances found in animals and vegetables. 

This brilliant result has been accomplished through the agency of 
acetylene, a most remarkable hydrocarbon which was first noticed by 
Edmund Davy as long ago as 18150. 

There arc two methods by which acetylene can bo formed from 
inorganic matcudals — one d(wised by Bcrthelot, and the other by the 
S 2 )eaker. The first consists in j^assing a stn^am of hydrogen through 
a globe in which the voltaic are (from 70 or 80 cells of a (Jrove’s 
battery) is produc(‘d between carbon points. At this tremendous 
t('mi)('ratnre the carbon unites directly with tlie hydrogen. The 
experiment was made, and the production of acetylene shown, by 
the formation of a i)reci 2 )itato in a solution of ammoniacal cuprous 
chloride. 

The speaker then showed, experimentally, that much larger quan- 
tities of a(‘e^}’l ’ can be formed by the dcconiposition by the in- 

duction spark of carbonic tetrachloride in presence of hydrogen, in 
accordance with the eiiuation : — 

2(CC1,) -f- m, - CJI, + 8(IIC1). 

Tlu^ exx^oriment snecceded jx^rfeetly, and a largo quantity of the 
cuprous aeetylid(' was r,ipi<lly produc<‘d. 

But the most simidc and ready means of j)re 2 >aring acetylene was 
shown to be by drawing air through the flame of a ccunmon glass 
Bpirit-lanq>, by means of an aspirator. So readily is the cuprous 
jirecipitate obtained by this means, that it sufliecs to draw a few cubic 
centimetres through flic solution of ammoniacal cuprous chloride to 
obtiiin evidence of the presence of acet^>huie in the flame. The ex- 
l)crimcnt was then made, and in a few' seconds the solution became 
thick with the susxK'iided lUHxdj^itatc. 

The 6iH‘ak(‘rhad ascertained that all the homologues of olefiant gas 
give acetylene in abundance when subjected to the induction spark. 
Amyleiio does it rea<lily in accordance with the annexed equation : — 

2((yi.o) = 6(C n,) + 5n.. 

Aui.vl n\ AuljUno. 

That the spark acted only in consequence of its high tcm2)orature, the 
sjieakcr said, is rendered probable by the fact that if hydrogen be 
pa8sc‘d through carbonic tetrachloride, and then into a globe con- 
taining a xdatinum spiral, when the latter was heated to dull redness 
by three cells of a Grove’s battery, no acetylene was produced ; but 
when five cells w'cre used, and the sjiiral became white hot, the cuprous 
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precipitate was obtained readily. The same result was stated to occur 
with amylene. 

Simple as the formula of acetylene is, abnost all the animal and 
vegetable substances which have been formed by pure synthesis may 
be obtained from it. 

The following equations represent the steps by which alcohol may 
bo “ synthesised.” It is proper to premise that the conversion of 
acetylene into olefiant gas is accomplished by treating tlie cuprous 
acetylido with zinc and ammonia, so as to obtain nascent hytlrogon : — 

+ n. = 

Acetykne Eihylenc 

C.H, + H.SO. = n, C,H,SO, 

Ktbjleno Ethyl sulphuric 

acid 

H, 03,80. + H,0 = Cjr.O -f H.SO. 

Elhyl-sulphurio Alcoh^ 

acid. 


The synthesis of succinic acid from acetylene was next shown in 
accoi dance with the annexed equations, omitting the synthesis of 
ethylene, which has been already given : — 


Ethj h IIP 


+ Br* = CiTT.Br, 


Vthy l» nit 
dibi omidr* 


2(KCN) = C.H.fCN). + 2(KBr) 

Ethylenic PotasMC Ethylenlc 

dihroniide. cyanide. dicjanide. 


C.H.(CN)j + 2 (KH 0 ; + 2 (H, 0 ) = C 3 .KA + 2 (Nn.) 

Ethylenic Potawnc 

dicyanide eucemate. 


This mode of effecting the synthesis of succinic acid is duo to the 
researches of Maxwell Simpson. 

The beautiful appearance of succinic acid under the influence of 
polarized light was shown by the aid of the electric lamp. The 
specimen used had been artificially prepared. 

The speaker then proceeded to show that the synthesis of succinic 
acid was a direct st^p to that of tartaric acid. This latter reaction is 
due to the researches of Perkin and Duppa. 

The artificial formation of succinic acid, starting with acetylene, 
having been proved, it is only necessary to start with that acid to 
prove the synthesis of tartaric acid from acetylene : — 
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CAO4 + 2Brg = C.H,BrA + SHBr 


Dibroraosuccinlc 

acid. 


C.H,Ag3rA + 2(H.O) = CAA + 2(AgBr) 

ArgPiiotic Tartanc 

dibruiuosucLiii.itc. acid. 

The speaker next })rocee(led to show how the synthesis of the 
organic alkaloids could bo effected from inorganic materials. 

In the first jilace the fact that cyanid^^s can be produced by heating 
carbon in presence of nitrogen and an alkali, is well known. The 
next step is to procure prussic acid by distilling cyanides with acids. 
From pme prussic acid methylamine, the simplest of the primary 
moji ami lies, can easily be obtained, either by the aid of nascent 
hydrogen, or free hydrogen in the presence of spongy platinum. 

CHN + 2H* ^ CH, N 

rrusbve acid Mcih> laminp. 

This equation has been realized by both the methods given above, 
the first by IVfendius, the second by Debus. 

It is also evident that as alcohol can be obtained from acetylene, 
that all the ethylic, primary, secondary, and tertiary monamines of 
Hofmann can now be synthetically formed. The stops l)eing, (1) 
conversion of acetylene into olefiant gas ; ( 2 ) passage of olefiant gas 
into alcohol ; (3) alcohol into iodide of ethyl ; (4) action of iodide 
of ethyl on ammonia. 

Again, acetic acid, it has been shown, can be prepared from car- 
bonic disulphide. Now acetic acid, by the action of a red heat, can 
be made to yield a number of the hoinologues of olefiant gas. The 
latter by treatment with excessively strong hydriodic acid, become 
converted into the iodides of the alcohol radicals (Berthelot). By 
following up this last reaction with pentylene, heptylenc, octylene, 
and nonylene, the speaker succeeded in obtaining pentylaraine, hepty- 
laminc, octylaiiiiiic, and nonylaniine. 

The direct ascent from acetylene to the coal tar colours was then 
shown according to the following equations : — 

3(r,H,) - CoH« 

AntjUno Uon/ol. 

cjr, + HNO, = caao. + HA 

IVii/ol Nuiobtnzol 

C.IT.NO, 4- C(FuO) 4 - HA = CA 7 N 4- 3(Fe,0.) 


C.lT.Br 4 - CHAr 4- Na* = CAa 4- 2NaBr 


Broluulx luol 


Mf ihyhc 
Biomult* 
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C„n,N + 2(C,II,N) = C«,n„N, + 3TI, 

AiiJliur. 'loluuhne llohanilmr'. 


ThcRG transformations wore all deseribocl at length. In effect 
acetylene passed through a red-hot tube becomes polymerized into 
benzol. 

The passage of toluol into nitro- toluol and toluidiiio is omitted in 
the above equations, because the reactions are identical in kind with 
those of benzol into aniline. 

In describing benzol, experiments were sliown illustrating the 
density of its vapour as compared with air. In one of tlieso, benzol 
was poured into a large beaker containing a hot iron ; at first the 
benzol assumo<l the spheroidal form, but, as the temperaturo fell, it 
became converted into vapour, which filled the beaker. A glass 
syphon was then introduced into the beaker, and the vapour drawn 
off as if it had been a li(iuid, and inflamed. Tho vapour de scending 
through tho 8yi)hoii was then received into a warm l)eaker, from wliich 
it was decanted into another beaker in which it was inflamed. 

The speaker then proceeded to show tho way in which tho syn- 
thesis of zinc ethyl could bo effected ; it is, however, iiiinecessary to 
follow the equations in detail, because, having already explained tlio 
manner in which alcohol can l)c synthesized from acetylene, it is ob- 
vious that zinc ethyl can be directly derived from that fluid. 

’Wanklyn’s interesting synthesis of acetic acid from sodium methyl 
was then shonii to take place in accordance witli the expression : 

CII,Xa -f CO, = CJI^NaO, 

^rMlnun ni< th\l S«li< uptoto 

The method appears to be general, inasmuch as tho same chemist 
has effected the synthesis of propionic acid : 

C,H,N + CO* = C,H,NaO* 

SiKliuni otljyL Sodic proiduiiate. 

And, substituting carbonic oxide for carbonic anhydride, wo have — 
2(CH;S^a) + CO = + 2Na 

AcLU>nc. 


The s];)eaker stated that one of the most interesting of tho cases of 
synthesis recently accomplished was that in which Mr. W. H. Perkin 
hod succeeded in producing artificially the odoriferous principle of 
new hay and the tonquin bean. 

The delicious fragrance of now hay is entirely duo to tho proscnco 
of the sweet-scented vernal grass, anthoxanthum odorahim. It is the 
same substance which is the cause of the sweet smell of tho woodruff, 
asperula odmata ; and the melilot, melilotoa officimdis. It is also the 
flavouring ingredient in the Tnai wein of tho Gormans, which is per- 
fumed with woodruff. 
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Until lately, nothing was known about ooumarin, except that it was 
a colourless crystalline body, having the formula — 

C0II6O2. 

The crystals of coumarin appear very beautiful under the influence 
of polarized light. The imago of some artilicial coumarin, which had 
been fused and allowed to crystallize in a jdatc of glass, was then 
thrown upon the screen, and the light being polarized by the aid of 
NicoFs prisms, the crystals assiimetl the most gorgeous and varying 
colours as the prisms were rotated. 

The clue to its constitution was shown to be the circumstance that 
when heated with potassic hydrate it yields wilicylic and acetic acids. 
The production of salicylic acid from coumarin was then sliown, experi- 
mentally, the i)rescnce of the acid being proved by its yielding a deep 
purple coloration with ferric chloride. 

Artificial coumarin was obtained from the hydride of salicyl. By 
treatment with sodium it yielded hydride of sodium salicyl ; this sub- 
fetaneo, heated with acetic anhydride, gave hydride of aceto-salicyl. 
This last substance was then dibtill(‘d witli acetic anhydride and sodio 
acetate, and when the temperature reached 290^, the distillate solidi- 
fied to a mass of crystals of pure coumarin, having all the fragrance 
and beauty of that obtained from the ton(j,uin bean. 

The speaker then submitted that the assertion he had made at an 
early period of liis discourse that there w^as no natural barrier between 
organic and inorganic chemistry, had been amply proved by the in- 
stance’s he had brought forward. lie said that they had studied 
together that evening several cases where, starting from inorganic 
matter, they had ascended step by step until they had reached some, 
of the most complicated bodies secreted by animals and vegetables. 
What, ho said, could be more distinctly inorganic than nitrogen, 
carbon, and oxygen? What more distinctly an animal secretion than 
urea ? What more completely inorganic than acetylene ? WJmt more 
distinctly vegetable in origin than coumarin ? 

Chemists liave then, so far, done what a very few years would have 
been regarded ns possible only by aid of the vital for(‘e. A true 
organized substance, ho said, is so definite that we can almost invariably 
determine its molecular wciglit, and it is generally crystalline. But 
when wo come to the tissues we are dealing no longer wdth organic 
substances, but with organized beings, and we fool that we are ap- 
proaching the barriers wliich separate the study of life from the study 
of matter. The bonds which unite them are so close that w’e cannot 
imagine life without matter, and it is equally difficult to conceive the 
assumption of vitality hy matter ; but we must never cease to look 
anxiously for the solution of the problem. The impossible is a horizon 
which recedes os we advance, and the terra incoynita of to-day will to- 
morrow be boldly mapped upon every schoolboy’s chart I 

[C. G.W.l 



Friday, May 22, 1868. 

Sir Henry Holland, Bart. M.D. D.C.L. F.E.S, Prosidcnt, 
in tho Chair. 

William Odlinq, M.B. F.E.S. 

On some Effects of the Heat of the Oxy-hudrogen Flame, 

I. 

Chemical changes, whether of combination or decomposition, result in 
tho production of new bodies which, under tho conditions of the change, 
have for the most part a greater stability than tlio original bodies. 

One evidence of this greater stabiUty is afforded by the develop- 
ment of a quantity of heat — tho heat of chemical action— from the pro- 
duced bodies having a smaller potential heat than the original ones. 

It results, both from reason and experiment, that in ordi'r to undo 
or reverse any definite chemical action, just so mucli heat must be 
directly or indirectly expended as was evolved by the original action. 

For the same quantity of heat evolved, tho resulting temperaturo 
varies with the mass and kind of matter heated, and with the rapid or 
gradual evolution of the heat. 

When tho evolution of heat is instantaneous, the resulting temj>r- 
rature may be calculated from tho quantity of heat evolved, and tho 
mass and specific heat, &c., of the matter heated. 

By a unit of heat is meant the quantity of heat necessary to raise 
the temperature of one kilogramme of water one degree centigi-ade, or 
more accurately from O'' to l'\ 


II. 

Every 18 grammes of water is a combination of two l-grammo 
proportions of hydrogen H, with one lG-gi*amme j^roportion of oxygen 
O ; and, by the combination of two grammes of hydrogen with sixteen 
grammes of oxygen, there are develox»cd C8 units of licat. 

Of these 68 units of heat, however, little more than 57 units are 
reaEy duo to the chemical action, — nearly 11 units of heat being 
evolved by the contraction of tho original mixed gas into two-thirds 
its volume of steam, and by the further condensation of tho resulting 
steam into 18 cubic centimetres of water. 

While the quantity of heat evolved by the combination of a given 
quantity of oxygen "and hydrogen is invariable, tho intensity of tho 
heat may vary from a scarcely recognisable rise of temperature up to 
the highest temperature of the oxy-hydrogon blowpipe flame, capable 
of fusing platinum and silica. 
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A most remarkable effect of tlio intense temperature resulting from 
the combination of oxygen and hydrogen into water, is the partial 
decomposition of water into oxygon and hydrogen, discovered by Mr. 
Grove in 1846. 

At this high temperature, hydrochloric acid and carbonic anhy- 
dride gases also und(‘rgo partial decomposition, into hydrogen and 
chlorine, and into carbonous oxide and oxygen respectively. 

Upon what do these singular decompositions by heat, of bodies 
formed witli great ev(jlution of heat, depend ; or with what class of 
chemical phenomena may they be associated ? 

III. 

Under certain familiar conditions, chemical action seemingly takes 
place to its utmost possible extent in a single direction only, with 
production of a maximum amount of the substance that is formed with 
maximum evolution of heat. 

For example, taking atomic proportions in grammes, the heat of 
formation of chloride of zinc, ZnCla, is 101 units, and the heat of form- 
ation of chler**1 ^ ^ f copper, CuCljj, is 60*5 units. Hence, with chlorine 
in solution and excess of both copper and zinc, there is finally pro- 
duced the maximum possible amount of chloride of zinc and no chloride 
of copper. 

Again, an addition of sufffeient zinc to solution of chloride of 
copper, there is complete combination of chlorine with zinc and com- 
plete separation of chlorine from copper, 1 . c. complete burning of tho 
ono metal and complete unburning of tho other. 

IV. 

But under simpler though less familiar conditions, chemical action 
habitually takes place in more than ono direction simultaneously, with 
production of correlative products in varying proportions. 

Thus, with hydrogen and excess of both chlorine and oxygen, 
although tho heat of formation of oxide of hydrogen H 2 O is 67 units, 
and tho heat of formation of chloride of hydrogen 2 HCl is only 47 * 5 
units, yet, in this case, tho hydi’ogen does not combine wuth tho 
oxygen to tho exclusion of tho chlorine, but divides itself between 
tho oxygen and tho chlorine in proportions which vary with the 
conditions of tho experiment. 

In accordance with this result it is found that, at the same red 
heat, excess of chlorine will effect tho partial decomposition of water 
with extrusion of oxygen ; and, conversely, that excess of oxygen will 
effect tho partial decomposition of hydrochloric acid with extrusion 
of chlorine. 

So that, beginning with tho two clicmical substances, water and 
chlorine, or beginning with the two chemical substances, hydrochloric 
and oxygen, or beginning with tho three chemical substances, hydrogen, 
chlorine, and oxygen, there exist, at a full red heat, the four chemical 
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substanccH, water, hydrochloric acid, chlorine, and oxygen ; the propor- 
tions of the fonr substances depending certainly upon the relative 
quantities present of the elements concerned, and most probably also 
upon the temperature of the experiment. 

Similarly, beginning with the one chemical substance, water (Grove), 
or beginning with the two chemical substances, oxygen and hydrogen 
(Bunsen), there always exist, at a sufficiently liigh temperature, the 
three chemical substances, water, oxygen, and hydrogen. 

Although, by exposure to a red heat, the electrolytic mixture of 
oxygen and hydrogen gases becomes completely combined, or trans- 
formed into water, yet, as recently shown by Bunsen, at the liigh 
temperature of 2024 degrees, only one-half, and at the still higher 
temperature of 2844 degrees, only one-third of the mixture undergoes 
combination, the other one-half or two-thirds remaining in tlie state of 
mixed gas. 

V. 

Chemists are acquainted with many reciprocal actions comparablo 
with those of cldorino upon water, and of oxygon upon hydrochloric 
acid, the most familiar instance being probably the decomposition 
of ignited oxide of iron by hydrogen with extrusion of iron, and the 
converse decomposition of oxide of hydrogen by ignited iron with 
extrusion of hydrogen. 

Similarly, sodium will decompose the oxides of carbon, while carbon 
will decompose oxide of sodium ; and just as a sufficient excess of 
chlorine may be made to effect the almost complete decomposition 
of a given quantity of water, so may a sufficient excess of carbon 
(or carbonous oxide) be made to effect the almost complete decom- 
position of a given quantity of sodium-oxide or zinc-oxide, as in the 
ordinary processes for obtaining the two metals ; notwithstanding that, 
for an equal consumption of oxygen, the respective combination heats 
of s<idium and zinc exceed by far the combination beat of carbon or 
carbonous oxide. 

Again, although the combination heat of oxygon and carbonous 
oxide is 68 units, while that of oxygen and hydrogen is only 57 
units, yet, as was shown by Bunsen many years ago, upon exjdoding 
a mixture of oxygen with a joint excess of carbonous oxide and 
hydrogen, the oxygen does not attach itself exclusively to the car- 
bonous oxide, but divides itself between the carbonous oxide and 
hydrogen in a ratio determined by their relative proportions. 

[W. O.J 



Friday, Jimo 12, 1808. 


Sir Henry JIoij.and, l^art. M.D. D.O.fj. F.H.S. President, 
in tlie Oliaii*. 

Mdwvrd Fra.vkland, F.ll.S. 

riv<>J 1 -‘,01: 01 < 111 Mr>>TRT RT. 

On the Source of Light in Luminous Flames, 

The most })r()lifie souree of error amoii<'st mankind is the unrjues- 
tioiiiiijj; aec*(‘[)tati()ii of authoritative opinion. However much we may 
pride ourselvi.'^ upon tlie sifting of the explanations of things by our 
own enlightt'iied jiKlgiiionts, it cannot bo denied that the ipse dixit 
mode of settlement is still wond(‘rfiilly frc(pieut amongst us. Not 
only is this the case with tlie public in gcJicral, but even the culti- 
vators of science arc not entirely innocent of the same weakness. 

Tl 10 essential dilference between a fact and a theory is not always 
appreciat'd witli sjtticic'ut vividness. The statement that “ 16 parts 
by wt'ight of oxygen unite with 2 x>arts of hydrogen to form water,” is 
considered by many, for instance, as j)erfectly synonymous with the 
assertion that “ 1 atom of oxygen unites with 2 atoms of hydrogen to 
form water.” 

The existence of an imponderable ethereal medium filling all space 
is often rt'gardcd as ecpially certain with the presence of a gaseous 
envelope surrounding om* globe. 

The atomic theory and tlie hypothesis of an ethereal medium are, 
at present, absolutely necessary, the one to the jirogress of chemistry, 
the other to the further development of physics; but neither this 
circumstance nor the splendid discoveries made by their aid can 
/establish their truth. A mathematician starting from fixlse data is 
sure to arrive at a false result; but it is far other w iso with theory, for 
false theories can, and constantly do, conduct to true facts. Thus 
Columbus’s countoriioiso theory of the earth led to tho discovery of 
America, although that theory was nevertheless essentially false. 

T^hc most sober worker in scioiuie cannot progress without the 
assistance of theory to co-ordinate his facts, and to lead him on to 
further research. It is here that even a fals*. theory is invaluable, 
and it is only when tho theory continues to be held after it has 
become opposed to facts, that it exercises a prejudicial influence 
upon tho progress of science, l^hon it liindcrs rather than expedites 
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the adyance of the cxperimeiitor, and (^uglit to bo at onco aban- 
doned. 

In pursuing the investigation forming the subject of this discourse, 
the speaker had been compelled thus to abandon a theory of the 
source of light in luminous flames, which he, in common with others, 
had derived from Davy’s classical researches on flame. 

Our text-books answer the question, What is the source of light in a 
luminous gas or candle flame in the most positive and unanimous 
manner. 

Selecting from some of the most celebrated, the following quota- 
tions may bo made : — 

“ All our artificial lights depend upon the ignition of solid matter, 
in the intense heat developed by the chemical changes attendant on 
combustion.” — W, A, Miller. 

“ Whenever hydrocarbons arc imperfectly burnt, there is a deposi- 
tion of carbon, and this temporary deposition of carbon is an essential 
condition for the production of the wdiite light required in an ordinary 
flame . ’ ’ — Williamson. 

“ The illuminating power of the gas flame is therefore due to these 
emhon ^particles, which arc afterwards burned nearer the border of the 
flame.” — Balfour Stewart. 

“ The brightness or illuminating power of flame depends not only 
on the degree of heat, but likewise on the presence or absence of solid 
particles which may act as radiant points. A fiaihe containing no 
such particles emits but a feeble liglit, even if its temperature is the 
highest possible.” — Watts. 

The speaker then proceeded to investigate a number of different 
flames : ho showed that there are many flames possessing a high 
degree of luminosity, which cannot possibly contain solid particles. 
Thus the flame of raetaflic arsenic burning in oxygen emits a remark- 
ably intense white light; and as metallic arsenic volatilizes at 180' C., 
and its product of combustion, arsenious anhydride, at 218 C., whilst 
the temperature of incandescence in solids is at least 500' C., it is 
obviously impossible hero to assume the presence of ignited solid 
particles in the flame. Again, if carbonic disulphide vapour be made 
to burn in oxygen, or oxygen in carbonic disulphide vapour, an almost 
insupportably brilliant light is the result ; now fuliginous matter is 
never present in any part of this flame, and the boiling point of 
sulphur (440® C.) is below the temperature of incandescence, so that 
the assumption of solid particles in the flame is hero also inadmissible. 
If the lost experiment be varied by the substitution of nitric oxide gas 
for oxygen, the result is still the same ; and the dazzling light pro- 
duced bv the combustion of these compounds is also so rich in the 
more refrangible rays, that it has been employed in taking instan- 
taneous photographs, and for exhibiting the phenomena of fluorcicence. 
Lastly, amongst the chemical reactions celebrated for tlio production 
of dazzling light, there are few which surpass the active combustion 
of phosphorus in oxygen. Now phosphoric anhydride, the product of 
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this combustion, is volatile at a red heat,* and it is therefore mani- 
festly impossible that this substance should exist in the solid form at 
the temperature of the phosphorus flame, which far transcends the 
melting point of platinum. 

For these reasons, and for others which the speaker had stated in 
a course of lectures on Coal-Gas, delivered in March, 1867, and 
printed in the ‘ J ournal of Gias Lighting,’ ho considered that incan- 
descent particles of carbon are not the source of light in gas and 
candle flames, but that the luminosity of these flames is due to 
radiations from dense, but transparent hydrocarbon vapours. As a 
further generalization from the above-mentioned experiments, he was 
led to the conclusion that dense gases and vapours become luminous 
at much lower temperatures than aeriform fluids of comparatively low 
spocifle gravity ; and that this result is to a great extent, if not 
altogether, independent of the nature of the gas or vapour, inasmuch 
as he found that gases of low density, which are not luminous at a 
given temperature when burnt under common atmospheric pressure, 
become so when they are simultaneously compressed. Thus mixtures 
of hydrogen apd carbonic oxide with oxygon emit but little light 
when they are burnt or exploded in free air ; but exhibit intense 
luminosity when exploded in closed glass vessels, so as to prevent 
their expansion at the moment of combustion. 

In a communication just made to the Royal Society the speaker 
had described the extension of these experiments to the combustion 
of jets of hydrogen and carbonic oxide in oxygen under a pressure 
gradually increasing to twenty atmospheres. These experiments, 
which were conducted in the laboratory of the Royal Institution, 
were made in a strong wrought-iron vessel furnished with a thick 
glass plate of sufficient size to permit of the optical examination of 
the flame. The appearance of a jet of hydrogen burning in oxygen 
under the ordinary atmospheric pressure was exhibited. On increas- 
ing the pressure to two atmospheres, the previously feeble luminosity 
was shown to bo very markedly augmented, whilst at ten atmospheres’ 
pressure, the light emitted by a jet about one inch long was amply 
sufficient to enable the observer to read a newspaper at a distance of 
two feet from the flame, and this without any reflecting surface 
behind the flame. Examined by the spectroscope, the spectrum of this 
flame is bright and perfectly continuous from red to violet. 

With a higher initial luminosity, the flame of carbonic oxide in 
oxygen becomes much more luminous at a pressure of ton atmospheres 
than a flame of hydrogen of the same size and burning under the same 
pressure. The spectrum of carbonic oxide burning in oxygen under 


Davy mentions this fact in connection with hia view of the source of lumi- 
nosity in flames, and endeavours to explain the, to him, anomalous phenomonon. 
He says: — “Since this paper has been written, I havo found that phosphoric acid 
volatilizes slowly at a strong red heat, but under moderate pressure it bears a 
white heat ; and in a flame so intense as that of phosphorus, the elastic force must 
produce the effect of compression.” — Davy's Works, vol. vi., p. 48. 


HS— Vol 2 F 
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a pressure of fourteeu atmosplioros is very brilliant and perfectly 
continuous. 

K it be true that dense gases omit more light than rare ones when 
ignited, the passage of the electric spark through different gases ought 
to produce an amount of light varying with the density of the gas ; and 
the speaker showed that electric sparks passed as nearly as possible, 
under similar conditions, through hydrogen, oxygen, chlorine, and 
sulphurous anhyilrido, emit light, the intensity of which is very slight 
in the case of hydrogen, considerable in that of oxygen, and very 
groat in the case of chlorine and sulphurous anhydride. On passing 
a stream of induction sparks through the gas standing over liquefied 
sulphurous anhydi’ido in a strong tube at the ordinary temperature, 
when a pressure of about three atmospheres was exerted by the gas, a 
very brilliant light was obtained. A stream of induction sparks was 
|)assed through aii‘ confined in a glass tube connected with a con- 
densing syringe, and the pressure of the air being then augmented to 
two or three atmospheres, a very marked increase in the luminosity of 
the sparks was observed, whilst on allowing the condensed air to 
escape, the same phenomena were observed in the reverse order. 

Way’s mercurial light was also exhibited as an instance of intense 
light produced by the ignition of the heavy vapour of mc'rciiry. 

The gases and vapours just mentioned liave the following relative 


densities : — 

Hydrogen 1 

Air H-5 

Oxygen 1(> 

SulphnrouB anhydride 1^2 

Chlorine 35 '5 

Mercury 100 

rhosphoric anhydride 71 or 112 


The feeble light emitted by phosphorus when burning in chlorine 
seems, at first sight, to be an exception to the law just indicated, for 
the density of the product of combustion (phosphorous trichloride) 
C8'7 would lead us to anticipate the evolution of considerable light. 
But it must be borne in mind that the luminosity of a flame depends 
also upon its temperature, and it can be shown that the temperature 
in this case is probably greatly inferior to that produced by the com- 
bustion of phosphorus in oxygen. We have not all the necessary 
data for calculating the temperature of these flames, but, according to 
Andrews, phosphorus burnt in oxygen gives 6747 heat units, which, 
divided by the weight of the product from one grain of phosphorus, 
gives 2500 units. When phosphorus burns in chlorine, it gites only, 
according to the same authority, 2085 heat units, which, divided as 
before by the weight of the product, gives 470 units. It is therefore 
evident that the^mperature in the latter case must be greatly below 
that produced in the former, unless the specific heat of phosphoric 
anhydride be enormously higher than that of phosphorous trichloride. 
The speaker had, in fact, found that if the temperature of the flame of 
phosphorus, burning in chlorine, be raised about 600° C. by previously 
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heating both elements to that extent, the flame emitted a brilliant 
white light. 

To return to ordinary luminous flames, the argument of the necea- 
aity of solid particles to explain their luminosity obviously falls to the 
ground ; and a closer examination into the evidence of the existence of. 
these particles reveals its extreme weakness. Soot from a gas flame 
is not elementary carbon, it always contains hydrogen. The perfect 
transparency of the luminous portion of flame also tends to negative 
the idea of the presence in it of solid paiticles. The continuous spec- 
trum of gas and candle flames does not require, as is commonly 
supposed, the assumption of solid particles. The spectra of the flames 
of carbonic oxide in air, of carbonic disulphide, arsenic, and phosphorus 
in oxygen, are continuous, and so, as wo have seen, is that of hydrogen 
burning in oxygen under a pressure of ten atmospheres. It is to the 
behaviour of hydrocarbons under the influence of heat that we must 
look for the source of luminosity in a gas flame. These gradually 
lose hydrogen, whilst their carbon atoms coalesce to form compounds 
of greater complexity, and consequently of greater vapour density. 
Thus marsh-g^s (C TT^) becomes acetylene Hg), and the density 
increases from 8 to 13. Again, olefiant gas (C« H 4 ) forms naphthaline 
(Cio He), when the vapour density augments from 14 to 64. These 
are some of the dense hydrocarbons which are known to exist in a gas 
flame, but there are doubtless others still more dense ; i)itch, for instance, 
must consist of the condensed vapours of such heavy hydrocarbons, 
for it distils over from the retorts in the pioccss of gas-making. 
Candle flames are similarly constituted. The direct dependence of 
the luminosity of gas and candle flames upon atmospheric pressure, 
also strongly confirms the view that the light of those flames is due to 
incandescent dense vapours. 

This inquiry cannot be confined to terrestrial objects. Science 
seeks alike for law in the meanest and grandest objects of creation. 
From questioning a candle she addresses herself to suns, stars, nebulae, 
and comets ; the same considerations which have just been applied to 
gas and candle flames are equally pertinent to these great cosmical 
sources of light. 

[E. F.j 



Friday, January 15, 1869. 

Sib Henby Holland, Bart. M.D. D.C.L. F.B.S. President, 
in the Chair. 

Professor Tyndall, LL.D. F.K.S. 

On Chemical Bays, and the Light of the Shy, 

The first physical investigation of any importance in which, jointly 
with my friend Professor Knoblauch, I took part, bore the title, “ The 
Magneto-optic Properties of Crystals, and the Eolation of Magnetism 
and Diamagnetism to Molecular Arrangement.”* This investigation 
compelled me to reflect upon the structure of crystals, on their optical 
properties in relation to that structure, and more particularly on the 
striking phenomena exhibited by many of them in the field of a suffi- 
ciently powerful magnet. These were evidently duo to the manner in 
which the molecules of the crystals were built together by the force of 
crystallization : and it was natural, if not necessary for me, to employ 
such strength of imagination as I possessed in obtaining a ment^ 
picture of this molecular architecture. The inquiry gave a tinge and 
bias to my subsequent scientific thought, rendering, as it did, the con- 
ceptions and pursuit of molecular physics pleasant to me. Its influence 
is to be trac^ in most of my scientific work. The first ^ecture, for 
example, which I ever delivered in this theatre, was On the Influence 
of Material Aggregaticfti on the Manifestations of Force by “ material 
aggregation ” being meant the way in which, by nature or by art, the 
particles of matter ore arranged together. In 1853 I also published a 
paper “ On Molecular Influences,” in which common heat was made 
the explorer of organic structure. In the “ Baker i an Lecture,” given 
before the Royal Society in 1855, the same idea and phraseology crop 
out. The BoJierian Lecture for 1861 bears the title “ Contributions 
to Molecular Physics.” And all through the investigations which 
have occupied me during the last ten years, my wish and aim have 
been to make radiant heat an instrument by which to lay hold of the 
ultimate particles of matter. 

The labours now to be considered lie in the same direction. In 
the researches just referred to, I employed tubes of glass an^ brass, 
called, for the sake of distinction, “experimental tubes,” ifi which 
radiant heat waa>acted upon by the gases and vapours subjected to 
examination. Wishing, two or three months ago, to rendet visible 
what occurred within these tubes on the entrance of the gases or 


• ‘ Philosophical Magazine/ July, 1850, 
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vapours, I found it necessary to intensely illuminate their interiors. 
The source of illumination chosen was the electric light; the beam of 
which, converged by a suitable lens, was sent along the axis of the 
tube. The dirt and filth in which we habitually live were strikingly 
revealed by this method of illumination. For, wash our tube as we 
might with water, alcohol, acid, or alkali, until its appearance in 
ordinary daylight was tliat of absolute purity, the delusive character 
of this appearance was in most cases revealed by the electric beam. 
In fact, in air so dirty as that which supplies our lungs— and I will 
not say that we could get on healthily without the “ dirt — it is not 
possible to be more than approximately cleanly. 

Vapours of various kinds were sent into a gloss experimental tube 
a yard in length, and about three inches in diameter. As a general 
rule, the vapours were perfectly transparent ; the tube when they were 
present appearing as empty as when they were absent. In two or 
throe cases, however, a faint cloudiness showed itself within the tube. 
This caused mo a momentary anxiety, for I did not know how for, in 
describing my previous experiments, actions might have been ascribed 
to pure cloudless vapour which were really due to those newly- 
observed nebul®. Intermittent discomfort, however, is the nornial 
feeling of the investigator ; for it drives liim to closer scrutiny, to 
greater accuracy, and often, ns a consequence, to new discovery. It 
was soon found that the nebulae revealed by the beam were also 
generated by the beam, and the observation opened a new door into 
that region inaccessible to sense, which cmbroces so much of the 
intellectual life of the physical investigator. 

What are thoso vapours of which we have been speaking ? They 
are aggregates of molecules, or small masses of matter, and every mole- 
cule is itself an aggregate of smaller parts called atoms. A molecule 
of aqueous vapour, for example, consists of two atoms of hydrogen and 
one of oxygen. A molecule of ammonia consists of three atoms of 
hydrogen and one of nitrogen, and so of (»ther substances. Thus the 
molecules themselves inconceivably small, are made up of distinct 
parts still smaller. Wlicn, therefore, n compound vapour is spoken of, 
the corresponding mental image is an aggregate of molecules separated 
from each otlier, though still exceedingly near, each of these being 
composed of a group of atoms still nearer to each other. So much for 
the matter wdiich enters into our conception of a vapour. t To this 
must now be added the idea of motion. The molecules have motions 
of their own as wholes ; their constituent atoms have also motions of 


• Thw ** dirt ” consists in groat part of organic germs, of the functions of which 
in the animal economy we are as yet ignorant. 

t Newton seemed to consider that the molecules m'lrht be rendered visible by 
microscopes; but ot the atoms he appears to have outeiiaiucd a dilfcrent opinion. 
Ho finely remaiks : — ** It sediis impossihlo to see the more secret and noble works 
of natuie within the corpuscles, by reason of their transparency.*' (Herschel, 
“ On Light,” Art, 1145.) 
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tbeir own, which are executed independently of those of the mole- 
cules; just as the various movements on the earth’s surface are 
executed independently of the orbital revolution of our planet. 

The vapour molecules are kept asunder by forces which, virtually 
or actually, are forces of repulsion. Between these elastic forces and 
the atmospheric pressure under which the vapoui* exists, equilibrium 
is established as soon as the proper distances between the molecules 
have been assumed. If, after this, the molecules be urged nearer to 
^ch other by a momentary force, they recoil as soon as the force is 
expended. If by the exercise of a similar force they be separated 
more widely, when the force ceases to act they again approach each 
other. The case is different as regards the constituent atoms. 

And here let me remark that we are now upon the very outmost 
verge of molecular physics ; and that I am attempting to lamiliarize 
your minds with conceptions which have not yet obtained universal 
currency even among chemists ; which many chemists, moreover, 
might deem untenable. But, tenable or untenable, it is of the highest 
scientific importance to discuss them. Let us, then, look mentally 
at our atoms grouped together to form a molecule. Every atom is 
held apart from its neighbours -by a force of repulsion ; why, then, do 
not the mutually repellent members of this group part company? 
The molecules do separate from each other when the external pressure 
is lessened or removed, but the atoms do not. The reason of this 
stability is that two forces, the one attractive and the other repulsive, 
are in operation between every two atoms ; and the position of every 
atom — its distance from its follows — is determined by the equilibra- 
tion of these two forces. If the atoms come too near, repulsion pre- 
dominates and drives them apart ; if too distant, attraction predomi- 
nates and draws thoip together. The point at which attraction and 
repulsion are equal to each other is the atom’s position of equilibrium. 
If not absolutely cold— and there is no such thing as absolute cold- 
ness in our comer of nature — the atoms are always in a state of 
vibration, their vibrations being executed to and fro across their 
positions of equilibrium. 

Into a vapour thus constituted, we have now to pour a beam of 
light. But what, in the first instance, is a beam of light ? It is a 
train of innumerable waves, excited in, and propagated through, an 
almost infinitely attenuated and elastic medium, which fills all space, 
and which we name the AEther. These waves of light are not all of 
the same size : some of them are much longer and higher than others. 
Now the short waves and the long ones move with the same rapidity 
through space, just as short and long waves of sound travel With the 
same rapidity through air. Hence the shorter waves must follow each 
other in quicker i^uccession than the longer ones. The diffcreiit rapid- 
ities with which the waves of light impinge upon the retina, or optic 
nerve, give rise in consciousness to differences of colour. There ore 
however, numberless waves omitted by the sun and other luminous 
bodies which reach the retina, but which are incompetent to etcite the 
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Bensation of light. If the lengths of the waves exceed a certain limit, 
or if they fall short of a certain other limit, they cannot generate 
vision. And it is to be particularly borne in mind that the capacity 
to produce light does not depend so much on the strength of the waves, 
as on their periods of recurrence. I have often permitted waves to 
enter my own eye, of a power which, if differently distributed, would 
have instantly and utterly ruined the optic nerve, but which failed to 
produce any impression whatever upon consciousness, because their 
periods were not those demanded by the retina. 

The elements of all the conceptions with w^hich wo shall have 
subsequently to deal are now in your possession. And you will observe 
that though we are speaking of things which lie entirely beyond the 
range of the senses, the conceptions are as truly mechanical as they 
would be if we were dealing with ordinary masses of matter, and with 
waves of sensible magnitude. I do not think that any really scientific 
mind at the present day will be disposed to draw a substantial 
distinction between chemical and mechanical phenomena. They 
differ from each other as regards the magnitude of the masses involved ; 
but in this sei}Re the phenomena of astronomy differ, also, from those 
of ordinary' mecliAnicb. The main bent of the natural philosophy of 
a future age will probably be to chasten into order, by subjecting it to 
mechanical laws, the existing chaos of chemical phenomena. 

Whether wo see rightly or wrongly — whether our intellection be 
real or imaginary — it is of the utmost importance in science to aim at 
perfect clearness in the description of all that comes, or seems to 
come, within the range of the intellect. For if we are right, clearness 
of utterance forwarcls the cause of right ; while if we are wrong, it 
ensures the speedy correction of error. In this spirit, and with the 
determination at all events to speak plainly, let us deal with our con- 
ceptions of aether waves and molecules. Supposing a wave, or a train 
of waves, to impinge upon a molecule so as to urge all its parts with 
the same motion, the molecule would move bodily as a whole, but 
because tlioy are animated by a common motion tlicre would be no ten- 
dency of its constituent atoms to separate from each other. Differential 
motions among the atoms themselves w^ould bo necessary to effect a 
separation, and if such motions be not introduced by the shock of the 
waves, there is no mechanical groimd for the decomposition of the 
molecule. 

It is, however, difficult to conceive the shock of a wave, or a train 
of waves, so distributed among the atoms as to cause no stmin amongst 
them. For atoms are of different weights, probably of different sizes ; 
at all events it is almost certain that the ratio of the mass of the 
atom to the surface it presents to the action of the waves is different 
in different cases. If this be so, and I think the probabilities are 
immensely in favour of its being so, then ev ^y wave which passes 
over a molecule tends to decompose it — tends to carry aw^ay from 
their weightier and more sluggish companions those atoms which, in 
relation to their mass, present the lorgest resisting surfaces to the 
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motion of the waves. The case may be illustrated by reference to a man 
flfanding on the deck of a ship. As long as both of them share equally 
the motions of the wind or of the sea, there is no tendency to separa- 
tion. In chemical language, they are in a state of combination. But 
a wave passing over it finds the ship less rapid in yielding to its 
motion than the man ; the man is consequently carried away, and we 
have what may be regarded as decomposition. 

Thus the conception of the decomposition of compound molecules 
by the waves of sether comes to us recommended by a priori proba- 
bility. But a closer examination of the question compels us to sup- 
plement, if not materially to qualify, this conception. It is a most 
remarkable fact, that the waves which have thus far been found most 
effectual in shaking asunder the atoms of compound molecules are 
those of least mechanical power. Billows^ to use a strong comparison, 
are incompetent to produce effects which are readily produced by 
ripples. It is, for example, the violet and ultra-violet rays of the sun 
that are most effectual in producing these chemical decompositions ; 
and, compared with the red and ultra-red solar rays, the energy of 
these “ chemical rays ” is infinitesimal. This energy would probably 
in some cases have to be multiplied by millions to bring it up to that 
of the ultra-red rays ; and still the latter arc powerless where the 
smaller waves are potent. Wo hero observe a remarkable similarity 
between the behaviour of chemical molecules and that of the human 
retina. The energy transmitted to the eye from a candle-flomo half- 
a-mile distant is raoro than sufficient to inform consciousness ; while 
waves of a different ixjriod, possessing twenty thousand million times 
this energy, have been suffered to impinge upon my owuj’etina, with 
an absolute unconsciousness of any effect whatever — mechanical, 
physiological, chemical, or thermal. 

Whence, then, the power of these smaller waves to unlock the 
bonds of chemical union ? If it be not a result of their strength, it 
must be, as in the case of vision, a result of their periods of recurrence. 
But how are we to figure this action ? I should say thus : the shock 
of a single wave produces no more than an infinitesimal effect upon 
an atom or a molecule. To produce a larger effect, the motion must 
ojocumulcie^ and for wave-impulses to accumulate, they must arrive in 
periods identical with the periods of vibration of the atoms on which 
they impinge. In this caso each successive wave finds the atom in a 
position which enables that wave to mid its shock to the sum of the 
shocks of its predecessors. The effect is mechanically the same as 
that due to the timed impulses of a boy upon a swing. The single 
tick of a clock has no appreciable effect upon the unvibraling and 
equally long pendulum of a distant clock ; but a succession of ticks, 
each of which adds, at the proper moment, its infinitesimaL push to 
the sum of the pushes preceding it, will, as a matter of facL set the 
second clock going. So likowiso a single puff of air against the prong 
of a heavy tuning-fork produces no sensible motion, and, consequently, 
no audible sound ; but a succession of puffs, which follow each other 
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in periods identical with the tuning-fork’s period of vibration, will 
render the fork sonorous. 1 think the chemical action of light is to 
be regarded in this way. Fact and reason point to the conclusion that 
it is the heaping up of motion on the atoms, in consequence of their 
synchronism with the shorter waves, that causes them to part company. 
This I take to be the mechanical cause of these decompositions which 
are effected by the waves of esther. 

And now lot us return to that faint cloudiness, already mentioned, 
from which, as from a germ, these considerations and speculations 
have sprung. It has been long known that light effected the decom- 
position of a certain number of bodies. The transparent iodide of 
ethyl, or of methyl, for example, becomes brown and opaque on 
exposure to light, through the discharge of its iodine. The art of 
photography is founded on the chemical actions of light ; so that it is 
well known that the effects for which the foregoing theoretic con- 
siderations would have prepared us, are not only probable, hut actual. 

But the method employed in the experiments in which the 
cloudineRS above referred to was observed, and which consists simply 
in offering th-'’ rnpours of volatile substances to the action of light, 
enables us not only to give such experiments a beautiful form, but 
also to give a vast extension to the operations of light, or rather of 
radiant force, as a chemical agent. It also enables us to illustrate in 
our laboratories actions which have been hitherto performed only in 
the laboratory of nature. A few of these actions of a representative 
character I have now to bring before you ; an*l, in doing so, I will 
take advantage of the fact that, in a great number of cases, one or 
more of the substances into which the waves of light break up 
compound molecules are comparatively involatile. These products of 
decomposition require a greater heat than is required by the vapours 
from which they are derived to keep them in the gaseous form ; and 
hence, if the space in which these new bodies are liberated be of the 
proper temperature, they will not remain in the vaporous condition, 
but will precipitate themselves as liquid particles, thus terming 
visible clouds upon the beam to the action of w'lich they owe their 
existence. 

Wo will now commence our illustrative experiments. I hold in 
my hand a little flask, F, which is stopped by a cork, pierced in two 
places. Through one orifice passes a narrow glass tube, a, which ter- 
minates immediately under the cork ; through the other orifice passes 
a similar tube, 6, descending to the bottom of the little flask, which is 
filled to a height of about an inch wdth a transparent liquid. The 
name of this liquid is nitrate of amyl^ in every molecule of which we 
have 5 atoms of carbon, 11 of hydrogen, 1 of nitrogen, and 2 of 
oxygen. Upon this group the waves of our electric light will be 
immediately let loose. The large horizontal t be that you see before 
you is what I have called an “ experimental tube it is connected 
with our small flask, a stop-cock, however, intervening between 
them, by means of which the passage between the flask and the 
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experimental tube can be opened or closed 
at pleasure. The other tube, passing 
through the cork of the flask and descend- 
ing into the liquid, is connected with a 
U-shaped yessel, fllled with fragments of 
clean glass, covered with sulphuric acid. 

In front of the U-shaped vessel is a narrow 
tube stuffed with cotton-wool. At one end 
of the experimental tube is our electric 
lamp ; and here, finally, is an air-pump, by 
by means of which the tube has been ex- 
hausted. Wo are now ready for experi- 
ment. 

Opening the cock cautiously, the air 
of the room passes, in the first place, 
through the cotton-wool, which holds back 
the numberless organic germs and inor- 
ganic dust-particles floating in the atmo- 
sphere. The air, thus cleansed, passes into 
the U-shaped vessel, where it is dried by 
the sulphuric acid. It then descends 
through the narrow tube to the bottom of 
the little flask, and escapes there through 
a small orifice into the liquid. Through 
this it bubbles, loading itself to some ex- 
tent with the nitrite of amyl vapour, and 
then the air and vapour enter the experi- 
mental tube together. 

The closest scrutiny would now fail to discover anything within 
this tube ; it is, to all appearance, absolutely empty. The air and the 
vapour are both invisible. We will permit the electric beam to play 
upon this vapour. The lens of the lamp is so situated as to render 
the beam slightly convergent, the focus being formed in the vapour 
at about the middle of the tube. You will notice that the tube 
remains^dark for a moment after the turning on of the beam ; but the 
chemical action will be so rapid that attention is requisite to mark 
this interval of darkness. I ignite the lamp ; the tube for a moment 
seems empty ; but suddenly the beam darts through a luminous white 
cloud, which has banished the preceding darkness. It has, in fact, 
shaken asunder the molecules of the nitrite of amyl, and brought 
down upon itself a shower of liquid particles which cause it to flash 
foiiih in your presence like a solid luminous spear. It ii| worth 
while to mark how this experiment illustrates the fact, that however 
intense a luminoi& beam may bo, it remains invisible unlcsi it has 
something to shine upon. Space, though traversed by the raj^s from 
all suns and all stars, is itself unseen. Not even the sother winch fills 
space, and whose motions are the light of the universe, is itself 
visible. 
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You notice that tho end of the experimental tube most distant from 
the lamp is free from cloud. Now the nitrite of amyl vapour is there 
also, but it is unaffected by the powerful beam passing through it. 
Let us make the transmitted beam more concentrated by receiving it 
on a concave silver mirror, and causing it to return by reflection into the 
tube. It is still powerless. Though a cone of light of extraordinary 
intensity now traverses tho vapour, no precipitation occurs, no trace 
of cloud is fonnod. Why ? Because tho very small portion of the 
beam competent to decompose the vapour is quite exhausted by its 
work in tho frontal portions of tho tube. The great body of the light 
which remains, after this sifting out of the few effectual rays, has no 
power over the molecules of nitrite of amyl. We have here, strikingly 
illustrated, what has been already stated regarding the influence of 
period^ as contrasted with that of htrength. For the portion of the 
beam which is here ineffectual has probably more than a million times 
the absolute energy of the effectual portion. It is energy specially 
related to the atoms that we here need, which specially related energy 
being possessed by tho feeble waves, invests them with their extraor- 
dinary powf-^^ When the experimental tube is reversed so as to bring 
the undecomposed vapours under the action of the unsifted beam, you 
have instantly this fine luminous cloud precipitated. 

Tho light of the sun also effects the decomposition of the nitrite 
of amyl vapour. A small room in the Koyal Institution, into which 
the sun shone, was partially darkened, the light being permitted to 
enter through an open portion of tho window- shutter. In tho track of 
the beam was placed a large plano-convex lens, which formed a fine 
convergent cone in the dust of tho room behind it. The experimental 
tube was filled in the laboratory, covered with a black cloth, and carried 
into the partially darkened room. On thrusting one end of tho tube 
into the cone of rays behind tho lens, precipitation within the cone 
was copious and immediate. The vapour at the distant end of the 
tube was shielded by that in front ; but on reversing the tube, a second 
and similar splendid cone was preciintatcd. 

Now let us pause for a moment and glance at the ground over 
which we have passed. We have defined a vapour as an aggregate 
of molecules mutually repellent, but hindered from indefinitely re- 
treating from each other by an external pressure. Wo have defined 
a molecule as an aggregate of atoms maintained in positions of equi- 
librium by tho equalized action of two opposing forces, and always 
oscillitatiiig to and fro across those positions. We have defined a 
beam of light as a train of innumerable waves, and have illustrated 
their chemical action. Wo have learned that it is not the magnitude 
or power of tho waves, so much as their periods of recurrence, that 
renders them effectual as cliemical agents. We have also seen how 
tho luminous beam is sifted by the vapour wltich it decomposes, and 
deprived of those rays which are competent to effect the decomposition. 
Tho effects, moreover, obtained with the electric beam are also produced 
by the beams of tho sun. 
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And here I would aek you to make familiar to yonr minds the idea 
that no chemical action can be produced by a ray that does not involve 
the destruction of the ray. But the term “ ray ” is unsatisfactory to 
us at present, when our desire is to abolish all vagueness, and to affix 
a definite physical significance to each of our terms. Abandoning the 
term ray as loose and indefinite, we have to fix our thoughts upon 
the waves of light ; and to render clear to our minds that those waves 
which produce chemical action do so by delivering up their own 
motion to the molecules which they decompose. Wo have here fore- 
stalled to some extent a question of groat importance in molecular 
physics, which, however, is worthy of being fixed more definitely in 
your mind ; it is this : When the waves of aether are intercepted by 
a compound vapour, is the motion of the waves transferred to the 
molecules of the vapour, or to the atoms of the molecules ? We have 
thus far leaned to the conclusion that the motion is communicated to 
the atoms ; for if not to these individually, why should they be shaken 
asunder? The question, however, is capable of, and is worthy of, 
another test, the bearing and significance of which you will immedi- 
ately appreciate. 

As already explained, the molecules arc held in their positions of 
equilibrium by their mutual repulsion on the one side, and by an ex- 
ternal pressure on the other. Their rate of vibration, if they vibrato 
at all, must depend upon the elastic force which they mutually exert. 
If this force be changed, the rate of vibration must change along with 
it; and after the change the molecules could no longer absorb the 
waves which they absorbed prior to the change. Now the elastic force 
between molecule and molecule is utterly altered when a vapour passes 
to the liquid state. Hence, if the liquid absorbs waves of the same 
period as its vapour, it is a proof that the absorption is not effected by 
the molecules. Let us be perfectly clear on this important point. 
Those waves are absorbed whose vibrations synchronize with those of 
the molecules or atoms on which they impinge; a princijdo which is 
sometimes expressed by saying that bodies radiate and absorb the same 
rays. This great law, as you know, is the foundation oi spectrum- 
analysis; it enabled Kirchhoft’ to exjdain the lines of Frauenhofer, and 
to detennino the ch<3mical composition of the atmosidiore of the sun. 
If then, after such a change as that involved in the passage of a vapour 
to the liquid state, the same waves are absorbed as were absorbed 
prior to the passage, it is a proof that the molecules, which must have 
utterly changed their periods, cannot be the scat of the absorption; 
and we are driven to conclude that it is to the atoms, whose rates of 
vibration are unchanged by tlio change of aggi*cgation, that tlid wave- 
motion is transferred. If experiment shoulil prove this identity of 
action on the parf of a vapour and its liquid, it would establish in a 
new and striking manner tlio conclusion to which we have i)rcTiou8ly 
leaned. 

We will now resort to the experimental test. In front of this ex- 
perimental tube, which contains a quantity of the nitrite of amyl 
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vapour, is placed a glass coll a quarter of an inch in thickness, filled 
with the liquid nitrite of amyl. I send the electric beam first through 
the liquid and then through its vapour. The luminous power of this 
beam is very great but it can make no impression upon the vapoui*. 
The liquid has robbed it completely of its eftective waves. I remove 
the liquid ; chemical action immediately commences, and in a moment 
we have the apparently empty tube tilled with this bright cloud, preci- 
pitated by one portion of the beam, and illuminated by another. I 
re-introduce the liquid : the chemical action instantly ceases. I again 
remove the liquid, and the action commences once more. Thus we 
uncover in part the secrets of this world of molecules and atoms. 

Instead of employing air as the vehicle by which the vapour is 
carried into the experimental tube, we may employ oxygen, hydrogen, 
or nitrogen. With hydrogen curious effects are observed, duo to the 
sinking of the clouds through the extremely light gas in which they 
float. They illustrate, without proving, the argument of those who 
say that the clouds of our own atmosphere could not float if the cloud 
particles were not little bladders, instead of full spheres. Before you 
is a tube filled with the nitrite of amyl vapour, which has been carried 
into the tube by iiydrogon gas. On sending the beam through the 
tube a delicate bluish-white cloud is precipitated. A few strokes of 
the pump clear the tube of this cloud, but leave a residue of vapour 
behind. Again turning in tlio beam wo have a second cloud, more 
delicate than the first, precipitated. This may be done half-a-dozen 
times in succession. A residue of vapour will ^till linger in the tube 
sufficient to yield a cloud of exquisite delicacy, both as regards colour 
and texture. 

Besides the nitrite of amyl a great number of other substances 
might be employed, which, like the nitrite, have been hitherto not 
known to be chemically susceptible to light. But I confine myself at 
present to this representative case. One point, however, in addition I 
wish to illustrate, chiefly because the effect is the same in kind as one 
of great importance in nature. In our atmosphere you know floats 
carbonic acid gas, which furnishes food to tho vegetable world. But 
this food could not be consumed by plants and vegetables without the 
intervention of tho sun’s rays. And yet, as far as wo know, these rays 
are powerless upon tho free carbonic acid of our atmosphere. The 
sun can only decompose the gas when it is drunk in by the leaves of 
plants. In the leaves it is in close proximity with substances ready 
to take advantage of the loosening of the molecules of the carbonic 
acid by the waves of light. Incipient disunion being introduced by 
the solar rays, tho carbon of the gas is seized upon by the leaf and 
appropriated, while the oxygon is discharged into the atmosphere. 

The experimental tube now before you contains a quantity of a 
different vapour from that which w^e have h therto employed. The 
liquid from which this vapour is derived is called the nitrite of butyl. 
On sending tho electric beam through the vapour, which has b^n 
carried in by air, tho chemical action is scarcely sensible. I add to 
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the vapour a quantity of air which has been permitted to bubble 
through hydrochloric acid. When the beam is now turned on, so 
rapid is the action and so dense tho clouds precipitated, that you could 
hardly by an effort of attention observe tlie dark interval which pre- 
ceded the precipitation of the cloud. This enormous augmentation 
of the action is due to tho presence of the hydrochloric acid. Like tho 
chlorophyl in the leaves of plants, it takes advantage of tho loosening 
of tho molecules of nitrite of butyl by tho waves of the electric light. 

In these experiments wo have employed a luminous beam for two 
different purposes. A small portion of it has been devoted to the 
decomposition of our vapours, while the gi’eat body of the light has 
served to render luminons the clouds resulting from the decomposition. 
It is possible to impart to these clouds any required degree of tenuity, 
for it is in our power to limit at pleasure the amount of vapour in our 
experimental tube. When the quantity is duly limited, the precipitated 
particles are at first inconceivably small, defying the highest micro- 
scopic power to bring them within the range of vision. Probably their 
diameters might then be expressed in millionths of an inch. They grow 
gradually, and as they augment in size, throw from them, by reflexion, 
a continually increasing quantity of wave-motion, until, finally, tho 
cloud which they form becomes so luminous as to fill this theatre with 
light. During the growth of the particles the most splendid irides- 
cences are often exhibited. Such I have sometimes seen with delight 
and wonder in tho atmosphere of tho Alps, but never anything so 
gorgeous as those which our laboratory experiments reveal. It is not, 
however, with the iridescences, however beautiful they may be, that 
we have now to occupy our thoughts, but with other effects which bear 
upon the two great standing enigmas of meteorology — the colour of 
the sky and the polarization of its light. 

And here let mo briefly say that, were it not for the stimulus im- 
parted to me by the private correspondence of a celebrated man, I 
should not have entered upon the investigation of these subjects so 
soon. In reference to the effects of light which you have just wit- 
nessed, Sir John Herschel wrote to mo thus : — “ It is a class of 
relations eminently calculated to set one thinking, and it seems to 
have had that effect upon you to excellent purpose. I am glad it 
has brought you into cont^t with tho blue colour of tho sky ; still 
more so if it should lead you to any satisfactory explanation of the 
polarization of sky-light.” The letter went on to treat of “ this 
mysterious and beautiful phenomenon ” in a manner which qixcited 
in mo the strong desire to throw, if possible, some certain light upon 
a question regc^iim which the most divergent opinions and Specu- 
lations were afloat dmong our most eminent scientific men. 

First, then, with regard to the colour of the sky ; how is it pro- 
duced, and can we not reproduce it ? This colour has not the same 
origin as that of ordinary colouring matter, in which certain portions 
of the white solar light are extinguished, the colour of the substances 
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being that of the portion ^vhich remains. A violet is blue because its 
molecular texture enables it to quench the green, yellow, and red con- 
stituents of white light, and to allow the blue free transmission. A 
geranium is red because its molecular texture is such as quenches all 
rays except the red. Such colours are called colours of absorption ; 
but the hue of the sky is not of this character. The blue liglit of the 
sky is all reflected light, and wore there nothing in our atmosphere 
competent to reflect the solar rays we should see no blue Armament, 
but should look into the darkness of inAnito space. The reflection of 
the blue is effected by perfectly colourless particles. Smallness of 
size alone is requisite to ensure the selection and reflexion of this 
colour. Of all the visual waves emitted by the sun, the shortest and 
smallest are those which correspond to the colour blue. On such 
waves small particles have more power than upon large ones, hence 
the predominance of blue colour in all light reflected from exceedingly 
small particles. The crimson glow of the Alps in the evening and in 
the morning is duo, on the other hand, to transmitted light ; that is to 
say, to light which in its passage through great atmospheric distances 
has its blue constituents sifted out of it by repeated reflexion. 

It is possible, as stated, by duly regulating the quantity of 
vapour, to make our precipitated particles grow from an inAnitesimal 
and altogether ultra-microscopic size to masses of sensible magnitude ; 
and by means of these particles, in a certain stage of their growth, 
we can produce a blue which shall rival, if it does not transcend, that 
of the deepest and purest Italian sky. Let this point be in the Arst 
place established. Associated with our experimental tube is a 
barometer, the mercurial column of which now indicates that the tube 
is exhausted. Into the tube I introduce a quantity of the mixed air 
and nitrite of butyl vapour sufficient to depress the mercurial column 
one-twentieth of an inch ; that is to say, the air and vapour together 
exert a pressure of one six-hundredth of on atmosphere. I now odd 
a quantity of air and hydrochloric acid sufficient to depress the 
mercury half-an-inch further, and into this compound and highly 
attenuated atmosphere I discharge the beam of the electric light. 
The effect is slow ; but gradually within the tube arises this splendid 
azure, wliich strengthens for a time, reaches a maximum of depth and 
purity, and then, as the particles grow larger, passes into whitish 
blue. This experiment is representative, and it illusti-atcs a general 
principle. Various other colourless substances of the most diverse 
properties, optical and chemical, might be employed for tliis experiment. 
The incipient cloud in every case would exhibit this superb blue ; thus 
proving to demonstration that particles of inAnitesimal size, without 
any colour of their own, and irrespective of those optical properties 
exhibited by the substance in a massive state, a competent to produce 
tlie colour of the sky. 

But there is another subject connected with our firmament, of a 
more subtle and recondite character than even its colour. 1 mean 
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that ** mysterious and beautiful phenomenon/’* the polarization of 
the light of the sky. The polarity of a magnet consists in its tioo-- 
endedne88, both ends, or poles, acting in opposite ways. Polar forces, 
as most of you know, are those in which the duality of attraction and 
repulsion is manifested. And a kind of ttoo-aidedness — noticed bv 
Huygens, commented on by Newton, and discovered by a Frencn 
philosopher, named Malus, in a beam of light which had been reflected 
from one of the windows of the Luxembourg Palace in Paris — receives 
the name of polarization. Wo must now, however, attach a distinctness 
to the idea of a polarized beam, which its discoverers were not able to 
attach to it. For in their day men’s thoughts were not sufficiently 
ripe, nor optical theory sufficiently advanced, to seize upon or express 
the physical meaning of polai'ization. When a gun is flred, the ex- 
plosion is propagated as a wave through the air. The shells of air, 
if I may use the term, surrounding the centre of concussion, are 
successively thrown into motion, each shell yielding up its motion 
to that in ^vance of it, and returning to its position of equilibrium. 
Thus, while the toave travels through long distances, each individual 
particle of air concerned in its transmission performs merely a small 
excursion to and fro.l In the case of sound, the vibration of the air- 
particles are executed in the direction in which the sound travels. 
They ore therefore called longitudinal vibrations. In the case of light, 
on the contrary, the vibrations are transversal; that is to say, the 
individual particles of ojther move to and fro CLcrosa the direction in 
which the light is propagated. In this respect waves of light resemble 
ordinary water-waves, more than w'aves of sound. In the case of an 
ordinary beam of light, the vibrations of the EBthcr particles are 
executed in every direction perpendicular to it; but let the beam 
impinge obliquely, upon a plane glass surface, as in the case of Mains, 
the portion reflected will no longer have its particles vibrating in all 
directions round it. By the act of reflexion, if it occur at the proper 
angle ^ the vibrations are all confined to a single plane, and light thus 
circumstanced is called plane polarized light, 

A beam of light passing through ordinary glass executes its vibra- 
tions within the substance exactly as it would do in air, or in aether- 
filled space. Not so when it passes through many transparent crystals. 
For these have also their two-sidedness, the arrangement of their 
particles being such as to tolerate vibrations only in certain definite 
directions. There is the well-known crystal tourmaline, which shows 
a marked hostility to all vibrations executed at right angles to the axis 
of the crystal. It speedily extinguishes such vibrations, while those 
executed parallel to the axis ore freely propagated. The consequeiico is, 
that a beam of light, after it has- passed through any thickness ^f this 
crystal, emerges it polariz^. So also as regards the beautiful 
crystal known as Iceland spar, or as double doubly refracting spar. 


♦ Henschers * Meteorology,’ Art. 233. 
t • Lectures on Sound,’ p. 8. (Longmans.) 
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In one direction, but in one only, it shows the neutrality of glass ; 
in all other directions it splits the beam of light passing through it 
into two distinct halves, both of which are perfectly polarized, their 
vibrations being executed in two planes, at right angles to each other. 

It is possible by a suitable contrivance to get rid of one of the 
two polarized beams into which Iceland spar divides an ordinary 
beam of light. This was done so ingeniously and effectively by a 
man named Nicol, that the Iceland spar, cut in his fashion, is now 
universally known as Nicol's prism. Such a prism can polarize a 
beam of light ; and if the beam, before it impinges on the prism, be 
already polarized, in one 'position of the prism it is stopped, while in 
another position it is transmitted. Our way is now, to some extent, 
cleared towards an examination of the light of the sky. Looking at 
various points of the blue firmament through a Nicors prism, and 
turning the prism roimd its axis, we soon notice variations of the 
brightness of the sky. In certain positions of the spar, and from 
certain points of the firmament, the light appears to be wholly trans- 
mitted ; while, looking at the same points, it is only necessary to turn 
the prism round its axis through an angle of ninety degrees to 
materially diuiiiiish the intensity of the light. On close scrutiny it 
is found that the difference produced by the rotation of the prism is 
greatest when the sky is regarded in a direction at right angles to 
that of the solar rays through the air. Let me describe a few actual 
observations made some days ago on Primrose Hill. The sun was 
near sotting, and a few scattered neutral-tint clouds, which failed to 
catch the dying light, were floating in the air. When these were 
looked at across the track of the solar beams, it was possible by 
turning the Nicol round, to see them either as white clouds on a dark 
ground, or as dark clouds on a bright ground.* In some of its posi- 
tions the sky-light was in great part quenched by the Nicol, and thou 
the clouds, projected against the darkness of space, appeared white. 
Turning the Nicol ninety degrees round its axis, the brightness of the 
sky was restored, and then the clouds became dark through contrast 
with this brightness. 

Experiments of this kind prove that the blue light sent to us by 
the firmament is polarized, and that the direction of most perfect 
polarization is perpendicular to the solar rays. Were the heavenly 
azure like the ordinary light of the sun, the turning of the prism 
would have no effect upon it ; it would be transmitted equally during 
the entire rotation of the prism. The light of the sky is in great 
part quenched, because it is in great part polarized. 

When a luminous beam impinges at the proper angle on a plane 
glass surface it is polarized by reflexion. It is polarized, tn part, 
by all oblique reflexions ; but at one particular angle, the reflected 
light is perfectly polarized. An exce^ingly beautiful and simple 


* I was not aware when these words were written that this observation was 
made by the indefatigable Brewster. 
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law, discovered by Sir David Brewster, enables us readily to find 
(he ^larizing angle of any substance whose refractive index is known. 
This law was discovered experimentally by Brewster ; but the Wave 
Theory of light renders a complete reason for the law. A geome- 
trical image of it is thus given. When a beam of light impinges 
obliquely upon a plate of glass it is in part reflected and in part 
refracted. At one particular incidence the reflected and the refracted 
portions of the beam are at right angles to each other. The angle of 
incidence is then the polarizing angle. It varies with the refractive 
index of the substance; being for water 62^, for glass 67i, and for 
diamond 68 degrees. 

And now we are prepared to comprehend the difficulties which 
have beset the question before us. It has been already stated that in 
order to obtain the most perfect polarization of tho firmamental light, 
the sky must be regarded in a direction at right angles to the solar 
beams. This is sometimes expressed by saying that the place of 
maximum polarization is at an angular distance of 90^ from the sun. 
This angle, enclosed as it is between the direct and reflected rays, 
comprises both the angles of incidence and reflexion. Hence the 
angle of incidence, which corresponds to tho maximum polarization of 
the sky, is half of 90°, or 45°. This is the atmospheric polarizing 
angle, and the question is, what known substance possesses an index 
of refraction to correspond with this polarizing angle ? If we knew 
this substance, wo might be tempted to conclude that particles of it, 
scattered in the atmosphere, produce the polarization of the sky. 
“ Were the angle of maximum polarization,” says Sir John Herschel, 
“ 76° Winstead of 90°), we should look to toater, or ice, as the Reflecting 
body, nowever inconceivable the existence in a cloudless atmosphere, 
and a hot summer day, of unevaporated particles of water.” But a 
polarizing angle of 45° corresponds to a refractive index of 1 ; this 
means that there is no refraction at all, in which case we ought to 
have no reflexion. Brewster and others came to the conclusion that 
Ihe reflexion was from tho particles of air themselves. Dr. Ruben- 
son, of Upsala, made the angle enclosed between the direct and 
reflected beams 90° 2'; “ the half of which,” says Mr. Buchan, in his 
excellent little ‘ Handy Book of Meteorology,* “ is so near tho 
polarizing angle of air, as to leave no doubt that the light of the sky, 
as first stat^ by Brewster, is polarized by reflexion from the 
particles of air.” It is difficult to affix a physical meaning to this 
conclusion. If light bo reflected, it must be at tho common limiting 
surface of two media of diflerent refrangibility. But to satisi^ the 
law of Brewster, as Sir John Herschel remarks, “ the reflexion would 
have to bo made in air upon air I ** “ Tho more the subject if con- 

sidered,” adds the i!ielebrated philosopher last named, the mt>re it 
will be found beset with difficulties, and its explanation, when arrived 
at, will probably be found to carry with it that of the blue colour of 
the sky itself.” 

If you doubt the wisdom, acknowledge, at all events, the &{th in 
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your capacity which has caused mo to bring a subject so entangled 
before you. I believe, however, that even the intellect which draws 
its strength and its associations from a totally different source, may 
have its interest exeitod in subjects like the present, dark and difficult 
though they be. I do not expect that you will all grasp the details 
of this discussion ; but I think that everybody present will see the 
extremely important part hitherto played by the law of Brewster in 
speculations as to the colour and polarization of the sky. This law 
leads to the extraordinary conclusion already announced, that the 
reflexion takes place at the limiting surface of two media of the same 
refrangibility, where reflexion could no more occur than it could 
occur in the very heart of an optically homogeneous medium.* I shall 
now seek to demonstrate in your presence, firstly^ and in conformation 
of our former experiments, that sky-blue may be produced by exceed- 
ingly minute particles of any kind of matter ; secondly^ that polariza- 
tion identical with that of the sky is produced by such particles ; and 
thirdly^ that matter in this fine state of division, where its particles are 
probably small in comparison with the height and span of a wave of 
light, releases jtself completely from the law of Brewster ; the direction 
of maximum' polarization being absolutely independent of the polariz- 
ing angle as hitherto defined. Why this should be the case, the wave 
theory of light, to make itself complete, will have subsequently to 
explain. 

Into this experimental tube, in the manner already described, I 
introduce a vapour which is decomposable by the waves of light. The 
mixed air and vapour are sufficient to depress the mercurial column 
one inch. I add to this mixture air, which has been permitted to 
bubble through dilute hydrochloric acid, until the column is depressed 
thirty inches : in other words, until the tube is full. And now I 
permit the electric beam to play upon the mixture. For some time 
nothing is scon. The chemical action is doubtless progressing, and 
condensation going on ; but the condensing molecules have not yet 
coalesced to particles sufficiently large to reflect sensibly the waves of 
light. As before stated — and the statement rests upon an experimental 
basis — the particles hero generated are at first so small that their 
diameters would probably have to bo expressed in millionths of an 
inch ; while to form each of these particles whole crowds of molecules 
are probably aggregated. Helped by such considerations, the intellec- 
tual vision plunges more profoundly into atomic nature, and shows us, 
among other things, how far we oi'e from the realization of Newton’s 
hope that the molecules might one day bo seen by microscopes While 


• I am hero taking for granted that the polarizing angle of 45° established 
by observation is rigidly correct. With regard to the reflexion which accompanies 
atmospheric refraction, inasmuch as the rays are incident upon a convex 8urfa<», 
or upon a series of concentric convex sui faces, the reflected light is dispersed in 
space instead of reaching the eye of the observer. Such reflexion, moreover, even 
to an eye in space, woifld not account for the colour of the sky, nor probably 
for the quantity of its liglit. 
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1 am speaking, you observe this delicate blue colour forming and 
strengthening within tho experimental tube. No sky-blue could exceed 
it in richness and purity ; but the particles which produce this colour 
lie wholly beyond our microscopic range. A uniform colour is here 
developed wUch has as little breach of continuity — which yields as 
little evidence of the particles concerned in its production— as that 
yielded by a body whose colour is due to true molecular absorption. 
This blue is at first as deep and dark as the sky seen from tho highest 
Alpine peaks, and for the same reason. But it grows gradually brighter, 
still maintaining its blueness, imtil at length a whitish tinge mingles 
with the pure azure ; announcing that the particles are now no longer 
of that infinitesimal size which reflects the shortest waves alone.* 

The liquid here employed is the iodide of allyl,t but I might 
choose any one of a dozen substances here before me to produce tho 
effect. You have seen what may be done with the nitrite of butyl. 
With nitrite of amyl, bisulphide of carbon, benzol, benzoic SBther, &o. 
the same blue colour may be produced. In all cases where matter 
slowly passes from the molecular to tho massive state, the transition 
is marked by the production of the blue. More than this : — you have 
seen me looking at the blue colour (I hardly like to coll it a blue 
<< cloud,” its texture and properties are so different from ordinary 
clouds) through this bit of spar. This is a NicoFs prism, and I could 
wish one of them to be ploc^ in the hands of each of you. Well, 
this blue that I have been regarding turns out to be, if I may use the 
expression, a bit of more perfect sky than the sky itself. When I look 
across the illuminating b^m exactly as we look across tho solar rays 
in the atmosphere, I obtain not only partial polarization, hut •perfect 
polarization. In one position of the Nicol the blue light seems to 
pass unimpeded to the eye ; in tho other it is absolutely cut otY, tho 
experimental tube being reduced to optical emptiness. Behind the 
experimental tube it is well to place a black surface, in order to pre- 
vent foreign light from troubling tho eye. In one position of tho 
Nicol this black surface is seen without softening or qualification ; for 
the particles within the tube are themselves invisible, and the light 
which they reflect is quenched. If the light of the sky were polarized 
with the same perfection, on looking properly towards it through a 
Nicol we should meet, not the mild r^iance of the firmament, but the 
unillumined blackness of space. 

The construction of tho Nicol is such that it permits to pass 
through it vibrations which are executed in a certain determinate 
direction, and these only. All vibrations executed at right angles to 
this direction are completely stopped : while components only of those 
executed obliquely to it are transmitted. It is easy, therefore^ to see 

* Possibly a photographic impression might be taken long before the blue be- 
comes visible, for the ultra-blue rays are first reflected. 

t For which I have to ihauk tho obhgmg kindness of Dr. Maxwell Bimpson, 
F.It.S. 




LIBRARY OF SCIENCE 


173 

that from the position in which the Nicol must be held to transmit or 
to quench the light of our incipient cloud, we can infer the direction 
of the vibrations of that light. You will be able to picture those 
vibrations without difficulty. Suppose a line drawn from any point 
of the “ cloud ” perpendicular to the illuminating beam. The particles 
of aether along that line, which carry the light from the cloud to the 
eye, vibrate in a direction perpendicular both to the line and to the 
beam. And if any number of lines be drawn in the same way from 
the cloud, like the spokes of a wheel, the pai-ticles of aether along all 
of them oscillate in the same manner. Wherefore, if a plane surface 
be imagined cutting the incipient cloud at right angles to its length, 
the perfectly polarized vibrations discharged laterally will all be 
parallel to this surface. This, in fact, is the plane of vibration of the 
polarized light. Or you may suppose a circle drawn round the experi- 
mental tube, and a series of strings attached to various points of this 
circle. If all the cords be stretched as perpendiculars to the experi- 
mental tube, and caused to wriggle by a series of jerks imparted at 
right angles both to them and to the tube, the motion of the particles 
of the strings .will then represent those of the particles of eether. A 
distinct image of those vibrations is now, I hope, within the reach of 
every person here prcpent. 

Our incipient blue cloud is a virtual NicoLs prism, and, between it 
and the real Nicol, we can produce all the effects obtainable between 
the polarizer and analyzer of a polari scope. When, for example, a 
thin plate of selenite, which is crystallized sulphate of lime, is placed 
between the Nicol and the incipient cloud, wo obtain the splendid 
chromatic phenomena of polarized light. The colour of the gypsum- 
plate, as many of you know, depends upon its thickness. If this be 
uniform, the colour is uniform. If, on the contrary, the plate be 
wedge-shaped, thickening gradually and uniformly from edge to back, 
we have brilliant bands of colour produced parallel to the edge of the 
wedge. Perhaps the best form of plate for experiments of this character 
is that now in my hand, which was prepared for me some years ago by 
a man of genius in his way, the late Mr. Darker of Lambeth. It con- 
sists of a plate of selenite thin at the centre, and gradually thickening 
towards the circumference. Placing this film between the Nicol and 
the cloud, we obtain, instead of a series of parallel bands, a system of 
splendidly coloured rings. The colours are most vivid when the 
incipient cloud is looked at perpendicularly. Precisely the same 
phenomena are observed when wo look at the blue firmament in a 
direction perpendicular to the solar rays. 

We have thus far illuminated our incipient cloud with ordinary 
light, and found the portion of this light r^ected laterally from the 
cloud in all directions round it to be perfectly polarized. We will 
now examine the effects produced when the light which illuminates 
the cloud is itself polarized. In front of the electric lamp, and be- 
tween it and the experimental tube, is placed this fine Nicol’s prism, 
which is sufficiently large to embrace and to polarize the entire beam. 
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The prism is now placed so that the plane of vibration of the light 
emergent from it, and falling upon the cloud, is vertical. How does 
the cloud behave towards this light ? This formless aggregate of infi- 
nitesimal particles, without definite structure, shows the two-sidedness 
of the light in the most striking manner. It is absolutely incompetent 
to reflect upwards or downwards, while it freely discharges the light 
horizontally, right and left. I turn the polarizing Nicol so as to render 
the piano of vibration horizontal ; the cloud now freely reflects the 
light vertically upwards and downwards, but it is absolutely incompe- 
tent to shed a ray horizontally to the right or left. 

Fix your attention upon one of those reflecting particles. Figure 
it as a little sphere with the beam of the electric light impinging 
upon it. Let us call that diameter which coincides with the direction 
of the beam, the axis of the sphere ; one of its poles would then be 
turned towards the light, and the other in the opposite direction. 
The equator of the little sphere would of course be midway between 
its poles. Now, conceive a parallel of latitude drawn upon the 
sphere at an angular distance of 45 degrees from the pole ; that is to 
say, midway between the polo and the equator. Then what occurs 
with ordinary light is this: all the vibrations tangent to the little 
circle, which I have called a parallel of latitude, are reflected perfectly 
polarized ; but all vibrations executed at right angles to the circle go 
unreflected through the little sphere. If, instead of ordinary light, 
we use polarized light, it is clear that at two opposite points of the 
little circle the vibrations are executed along the tangents, while at two 
other opposite points they are executed at right angles to t&e tangents. 
In the former case the particle reflects the light, in th,e latter it 
transmits the light unroflected. What is true of a single particle is 
true of all, and hence the inability of tho incipient cloud formed of 
such particles to reflect light in two directions, while it freely reflects 
it in twa others. The entire facts are now placed before you. The 
reflecting particle and tho waves of sether are of course both beyond 
tho range of the senses, but to the intellect the conceptions here intro- 
duced are just as easy as if, in illustration, I hod pointed to the poles, 
equator, and parallel of latitude of an ordinary terrestrial globe. 

Suppose tho atmosphere of our planet to be surrounded by an 
envelope impervious to light, with an aperture on the sunward side, 
through which a solar beam could enter and cross our atmosphere. 
Surrounded on all sides by air not directly illuminated, tho track of 
the sunlight would resemble that of the electric beam in a dark space 
filled with our incipient cloud. The course of tho sunbeam would 
be blue, and it would discharge laterally, in all directions round it, 
light in precisely the same polarized condition as that discharged 
from the incipientf^cloud. In fact, the azure revealed by the sunbeam 
would be the azure of such a cloud. And if, instead of permitting 
the ordinary light of tho sun to enter the aperture, a Nicolb prism 
were placed there, which should polarize the sunlight on its entrance 
into our atmosphere, the particles producing the colour of tho sky 
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would act precisely like those of our incipient cloud. In two direc- 
tions we should have the solar light reflected ; in two others unreflected. 
In fact, out of such a solitary beam, traversing the unilluminated air, 
we should be able to extract every effect shown by our incipient cloud. 
In the production of such clouds we virtually carry bits of the sky 
into our laboratories, and obtain with them all the effects obtainable 
in the open firmament of heaven. 

And here, had not a sufficient strain been already imposed upon 
your minds, I might enter upon the description of a series of extra- 
ordinary effects observed when the particles of our incipient clouds 
arc allowed to augment in size, so as to approach the condition of true 
cloudy matter. The selenite ring-system, already referred to, is a 
most delicate reagent for the detection of polarized light. When we 
look norimlly^ or perpendicularly, at an incipient cloud, the colours of 
the rings are most vividly developed, a diminution of the colour being 
immediately apparent when the incipient cloud is regarded obliquely. 
But let us continue to look through the Nicol and selenite normally 
at the cloud : the particles augment in size, the cloud becomes coarser 
and whiter, the strength of the selenite colours becoming gradually 
feebler. At length the cloud ceases to discharge polarized light 
along the normal, and then the selenite colours entirely disappear. 
If now the cloud be regarded obliquely, the colours are restored, very 
vividly, if not with their first vividness and clearness. Thus the 
cloud that has ceased to discharge polarized light at right angles to 
the illuminating beam, pours out such light copiously in oblique 
directions. The direction of maximum polarization changes with the 
texture of the cloud. 

But this is not all ; and to understand, even partially, what remains, 
a word must be said regarding the appearance of the colours of our 
plate of selenite. If, as before stated, the plate be of uniform thick- 
ness, its hue in polarized light is uniform. Suppose, then, that by 
arranging the Nicol the colour of the plate is raised to its maximum 
brilliancy, and suppose the colour produced to be green ; on turning 
the Nicol round its axis the green becomes fainter. When the angle 
of rotatioh amounts to 45 degrees the colour disappears ; we then pass 
what may be called a neutral point, where the selenite behaves, not 
as a crystal, but as a bit of amorphous gloss. Continuing the rotation, 
a colour reappears, but it is no longer green, but red. This attains 
its maximum at a distance of 45 degrees from the neutral point, or, iu 
other words, at a distance of 90 degrees from the position which 
showed the green at its maximum. At a further distance of 45 degrees 
from the position of maximum rod, the colour disappears a second 
time. We have there a second ncut^ point, beyond which the green 
comes again into view, attaining its maximum brilliancy at the end 
of a rotation of 180 degrees. By the rotation of the Nicol, therefore, 
through an angle of 90 degrees, we produce a colour complementary to 
that with which we started. 

As may bo inferred from this result, the selenite ring-system 
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changes its character when the Nicol is turned. It is possible 
to have the centre of the circle dark, the surrounding rings being 
yiyidly coloured. The turning of the Nicol through an angle of 90 
degrees renders the centre bright, while every point occupied by a 
certain colour in the first instance is occupi^ by the complement of 
that colour in the second. But what am 1 aiming at in these long 
preliminary statements ? 1 want to be able to say, with full assuranco 
of being understood by everybody present, that a cloud may so alter 
its texture as to produce upon light an effect equivalent to the rotation 
of the Nicol through 90 degrees. By curious internal actions, not 
here to be described, the cloud in our experimental tube sometimes 
divides itself into sections of different textures. Some sections are 
coarser than others, while it often happens that some are iridescent 
to the naked eye, and others not. Looking normally at such a cloud 
through the selenite and Nicol, it often happens that in passing from 
section to section the whole character of the ring-system is changed. 
You start with a section producing a dark centre and a corresponding 
system of rings ; you pass to another section through a neutral 

S oint, and find in that section the centre bright, and at the same radial 
istances find each of the first rings displaced by one of the comple- 
mentary colour. Sometimes as many as four such reversions occur in 
the cloud of an experimental tube a yard long. Now, the changes 
here indicated mean that in passing from section to section of the 
cloud the plane of vibration of the polarized light turns suddenly 
through an angle of 90 degrees ; this change being entirely due to the 
different texture of the two parts o{ the cloud. 

You will now be able to understand, as far as it is capabjp of being 
understood, a very beautiful effect which, under favourable circum- 
stances, might be observed in our atmosphere. This experimental 
tube contains an inch 'of the iodide of allyl vapour, the remaining 
29 inches necessary to fill the tube being air, which has bubbled 
through aqueous hydrochloric acid. Besides, therefore, the vapour of 
iodide of allyl, we have those of water and of acid within the tube. 
The light has been acting on the mixture for some time, a beautiful 
incipient blue cloud being formed. As before stated, the “ ineijnent 
cloud ” is wholly different in texture and optical properties from an 
ordinary cloud; but it is possible to precipitate the aqueous vapour 
within this tube so as to cause it to form a cloud similar to the clouds 
of our atmosphere. This new and real cloud will be precipitated in 
the midst of the azure of the incipient cloud. An exhausted vessel of 
about one-third of the capacity of the experimental tube is now con- 
nected with the tube, the passage uniting both being closed by % stop- 
cock. On opening this cock the mixed air and vapour will rush from 
the experimental tube into the empty vessel ; and, in consequobee of 
the dulling due to rarefaction, the vapour in the experimental tube 
will fall together as a true cloud. You are now prepared for th$ expe- 
riment. 1 first look at this blue colour, so as to obtain a vivid ring- 
system with a dark centre. Turning on the cock, the air is rarefied 
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and tho cloud precipitated. What is the result ? Instantly the centre 
of the system of coloured rings becomes bright, and the whole series 
of colours corresponding to definite radial distances, complementary. 
While I continue to look at the cloud, it gradually melts away as an 
atmospheric cloud might do in the azure of heaven. And there is our 
azure also remaining behind. The coarser cloud seems drawn aside 
like a veil, the blue reappears, the first ring-system, with its dark 
centre and correspondingly coloured circles, being restored. 

Thus patiently and bravely you have accompanied me over a piece 
of exceedingly dif&cult ground ; and I think as a prudent guide, we 
ought to halt upon the eminence we have now attained. We might 
go higher, but the boulders begin here to be very rough. At a future 
day wo shall, I doubt not, be able to overcome this difficulty, and to 
reach together a greater elevation. 

[J. T.] 
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Properties. 


Chemists have long endeavoured to answer the question. What is the 
relation in which the constituents stand to one another in a com- 
pound ? and numerous hypotheses more or less ingenious have been 
devised for this purpose. Two of these modes of representing chemi- 
cal phenomena occupy so prominent a place in the history of the 
science as to merit special notice, even in so slight and hurried a 
sketch as this must be. These are, 1st, the Electro-chemical and 
Badical Theory; and 2nd, the Theory of Atomicity and Chemical 
Structure. 

The first was the product of the genius, learning, and laborious 
research of Berzelius ; it was soon adopted by all chemists, and formed 
for many years the foundation of all chemical teaching and the guide 
in all chemical work. The point of view from which it regards che- 
mical phenomena is that of combination and decomposition, of the 
union of elements to form compounds and the separation of eom- 
{K>unds into elements. X very important form of chemical decompo- 
sition is electrolysis, or the breaking up of a coinpimiid by means of 
current electricity. From the natuio of tlu* case electrolysis gives 
rise to a dichotomous decomposition, and this duality was extendi to 
all cases of combination and decomposition. Elements combine with 
each other in pairs ; these pairs may again combine in pairs, forming 
compounds of the second order, and so on. Thus calcium combines 
with oxygen to form lime, sulphur combines with oxygen to form sul- 
phuric acid, and sulphuric acid combines with lime to form sulphate 
of lime. This union of compounds with compounds was not supp(>sed 
to depend on a union of the constituents of the one with the con- 
stituents of the other, but to be a combination of the one as a whole 
with the other as a whole ; not a combination of the calcium Of the 
lime with the sulphur or with the oxygen of the sulphuric acid, or of 
the sulphur of the sulphuric acid with the oxygen of the lime, but of 
the lime as such with the sulphuric acid as such. 

This view may be illustrated by a refenmee to tlie relations of 
human life. Individuals unite to form partuci'sliips or corporations, 
and these may again enter into alliances, although tlie members of the 
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one allied corporation may be altogetbor uu acquainted and uncon- 
nected with the members of the other. 

But the progress of discovery brought to light facts which seemed 
to contradict this view of binary combination. Cases were observed 
in which a compound of two elements united directly with an element, 
and to meet this new class of facts tlie theory was modified by the 
introduction of the notion of Eodicals. A Radical was a compound 
which acts like an element. 

The simile introduced above may be used to illustrate this exten- 
sion of the theory. Some combinations of men (corporations) can be 
treated as individuals, can enter into legal relations with individuals, 
while others cannot; so some compounds can unite with elements, 
while others have not this capability. 

The Theory of Atomicity regards chemical j)lieiiomeua from an 
altogether difterent point of view. In it the various substances aie 
considered as modifications of ono another ratlier than as compounds. 
The rise of this mode of viewing chemical phenomena may be traced 
from the early papers by Dumas, and by Laurent, on Substitution. It 
appears more prominently in the position given to dcmble decompo- 
sition as the icpi’i'sentative of all chemical action, by Laurent and 
Gerhardt. in the types of Gerlmrdt and Williamson, in Frankland’s 
theory of the organo-mctallic bodies, and in its extension by Kolbe to 
the compounds of carbon. It uas reserved, however, for Kekule to 
combine these ideas into a consistent theory.* The theory has been 
further elaborated by Butlerow, to whom we owe the name “ Chemical 
Structure,” by Erlenmeyer, and by many others, and it has been 
adopted and applied with slight modifications by almost all chemists 
engaged in organic research. 

According to this theory the typical form of chemical action is 
what we may call the chemical exchange. To illustrate this idea we 
may consider the simplest case ; that of double decomposition where 
two molecules act on one another to produce two new molecules. 

Chloride of sodium, for instance, acts on nitrate of silver, pro- 
ducing chloride of silver and niti'ate of sodium. Comparing chloride 
of sodium and chloride of silver, we at once see that while there are 
important respects in which the sodium and the silver differ as to the 
nature of their imion with chlorine (thus the amount of work required 
to separate the metal from the chlorine is very different in the two 
cases) still, from one point of view (and that is the point of view taken 
by the atomicity theory), the silver may be said to replace or to be 
substituted for the sodium. In the same way a cup filled >vith mercury 
is very different from tho same cup filled with water ; and the relation 
of tho mercury to the cup differs in many respects (such as pressure 


* It is t(i o}>>ervc that ullhough Ktkule has ustd this tlu'orv with tlto 
most eminent success, IjoIIi in the ixpliinntion of facts already known, and in 
the dieeo\eiy of new chemical lelations, he docs not exclude tlio iK^ssihility of tlio 
union of coniiMtiind'' with each otlu r to form t'oinpoiinds of a sccoml order. 
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and adhesion) from the relation of the water to the cup ; but they 
agree in this, that the cup is filled in both cases. In the same way the 
chlorine is said to be saturated by the sodium or the silver, although 
the intimacy or firmness of the combination is not the same in the 
two cases. 

We may also consider this double decomposition from the other 
side. As the silver and sodium have changed places, so the chlorine 
has changed place with the rest of the nitrate of silver — with what in 
the nitrate of silver is not silver; or, representing the action in symbols 
(NaCl -f“ AgNOg = AgCl NaNOg) Cl and NOg have changed places. 

In this example ^^e have one atom or group replacing one other 
atom or group; but all cases of double decomposition are not of so 
simple a kind. Thus, when water is treated with pentachloride of 
phosphorus we find that one atom of oxygen (from the water) replaces, 
and is replaced by, two atoms of chlorine from the pentachloride; 
thus, PCI 5 -f = PCI3O 4“ 2 HCl. So that while the two atoms 
of hydrogen w^ere formerly united to one atom of oxygen and formed 
with it one molecule, they are, after the change, each united to a 
separate atom of chlorine and form with them two molecules. 

Oxygen, therefore, in this case (and, as far as we know, in all 
cases) enters into two relations, while hydrogen, chlorine, silver, and 
sodium only enter into one. In a similar way it has been shown that 
the different elements have different “atomicities” or enter into 
different numbers of relations. It is to this “ polyatoraicity,” or 
multiplc'-r elatedness^ that the complexity of compounds is duo ; for it 
is obvious that by the union together of several multiply related atoms 
a very complicated structure may be produced. 

In the case of a compound containing only two atoms, such as 
thloride of sodium, there is clearly only one way in which it can 
break iuto residues ; but a complex substance containing many atoms 
may, and. generally does, break in different ways when acted on by 
different substances ; and it is by the study of these ways of decom- 
position of a substance, and by the study of the ways in which by 
means of double decomposition it can be i)roduced, that we arrive at a 
knowledge of its structure, that is, of the mutual relation of its atoms. 

But the multiple-relatcdness of some atoms produces a further 
complication, producing a kind of chemical action, which, while still a 
chemical exchange, cannot be called double decomposition. In double 
decomposition we saw that each molecule breaks into residues which 
change places with the residues of the other molecule, and that this 
breaking into residues results from the rupture of one or more 
relations between pairs of atoms. But where wo have mi|ltiply- 
related atoms, it may happen that such a rupture takes place tl^ithout 
a separation of the^ residues, these being retained in combination by 
some other relation of their multiply-related atoms. To ilhistrate 
this we may compare the action of anhydrous potash, KgO, and of 
anhydrous Ume, CaO, on water. 

Using graphic formulas, we have in these two cases : — 
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Horo the dotted lines indicate the relations ruptured ; and it will 
be seen that, while in the first case the rupture produces a separation 
into two residues, in the second case it does not ; what would other- 
wise be residues remaining united, on account of the double-rolatedness 
of the calcium atom. 

From this examination of chemical exchange, it will bo obvious 
that no operation of this kind can produce a change in the “ atomicity ” 
of an atom ; for, for every relation ruptured, a new one is entered into. 
But wo have no reason to suppose tliat all chemical action is of this 
kind ; and there are numerous phenomena which it is very difficult 
to explain, except by the assumption that there is another kind of 
chemical action, in which the number of relations of an atom is 
increased or diminished. Such actions are those by which we pass 
from one series of compounds to another. Thus the ferrous salts are 
connected together by processes of exchange ; but it is only by making 
new hypotheses that wo can thus explain the passage from the ferrous 
to the ferric salts. Similar relations exist between the manganous 
salts, the manganic salts, the manganates, and the permanganates, where 
a consideration of each group, apart from the others, would lead us to 
a different atomicity for manganese ; and many other examples might 
be given of the same kind. The speaker considered it, in the mean 
time, to be better to regard each such series separately, rather than, by 
an attempt to bring all chemical processes under one class, to endanger 
the stability of the theory of chemical structuro which, while it is 
probably not destined, in its present form, to remain as a permanent 
part of the great edifice of the science, is certainly a most convenient 
scaffolding, not easy to replace, and not hastily to be thrown down. 

Having thus seen what is meant by chemical structure, and how 
we arrive at a knowledge of it by a study of the history of the sub- 
stance, of the ways in which it may be formed and in which it may be 
decomposed ; wo may now glance at the relations w'hich exist between 
the chemical structure of a substance and its physical and physiological 
properties. Wo shall consider specially two of the physical characters 
of matter, volatility and colour, and examine in what way these are 
modified by the performance upon the substance of certain specified 
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chemical operations. The volatility of a substance depends upon two 
things : — 1st, the temperature at which the substance boils under n 
particular pressure ; and, 2nd, the change of boiling-point produced by 
a change of pressure. In order, therefore, fully to know the volatility 
of a substance, its boiling-point must be determined through a very 
great range of pressure. This involves great labour ; and only a few 
substances have been thus fully examined. Almost all we know on 
this interesting question is due to the ingenious and patient exx)eri- 
ments of Eegnault. These do not, as yet, furnish us with sufficient 
data to enable us to deduce anything like a law. They show us, how- 
ever, that a mere comparison of boiling-points under an arbitrarily- 
selected pressure (such as 760 millimetres, which happens to be the 
mean pressure of the atmosphere) cannot lead us to a law, as the 
boiling-points of two substances are frequently changed very un- 
equally by a change of pressure. 

Such comparisons of boiling-points have been made, and from 
them have been deduced, especially by Kopp, a series of very interest- 
ing, and certainly not fortuitous coincidences. That distinguished 
chemist and physicist has shown that, in a very large number of 
instances, the same change of chemical structure produces nearly the 
same change of boiling-point. These “laws” of Kopp aie only 
approximate, and are not even approximate in the cases where the 
boiling-points of the substances compared are very differently changed 
by change of pressure. 

Turning to the other physical character which has been men- 
tioned, namely colour, we see at once a marked regularity. As a 
rule, substances belonging to the same series differ from oae another 
in degree rather than in kind of colour; while in passing from one 
series to another, we observe that the colour undergoes a total change 
of character. This is well illustrated by comparing the colours of 
substances belonging to such series as the ferrous salts, the ferric 
salts, the ferrates ; the manganous salts, the manganic salts, the 
manganates and the permanganates ; the cuprous and cupric salts, 
the chromous and chromic salts, the chromates and perchromic acid. 
Possibly such changes of colour as we see in the transformation of 
rosaniline and its derivatives into leukaniline and analogous bodies, 
and of blue into white indigo, may be cases of the same kind. It is 
also interesting to note, that while the nitro -substitution products of 
the aromatic series arc generally yellow, all the known substances 
of the same kind in the fatty series are colourless. 

These considerations of colour would naturally incline us to 
regard the operations which lead from one series to another as different 
in kind from those which lead from one member to another of the 
same series ; and when we examine the physiological action of ^bodies 
of the same, and of different series, this impression is greatly 
strengthened. 

The speaker described in some detail a few of the observations 
made within the last two years by Dr. T. E. Fraser and himself. 
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pointing out the similarity of the action of substances belonging to 
the same series, and the remarkable change of physiological action 
produced by those chemical changes which lead from one series to 
another. The illustrations were drawn from the natural alkaloids — a 
group of substances containing trebly-related nitrogen, and those 
derivatives of the alkaloids which contain fivefold-related nitrogen. 
It was shown that the salts of the alkaloids, although containing five- 
fold-related nitrogen, were not adapted for this comparison, on account 
of the readiness with which they lose acid in the presence of alka- 
line substances, their nitrogen thus returning to the trebly-related 
condition. The bodies formed by the addition of a compound of 
methyl have not this disadvantage; and as the nitrogen in them is 
permanently fivefold-related, their physiological action may be satis- 
factorily compared with that of the alkaloids themselves. 

The experiments leading to a knowledge of the action of strychnia 
and of the salts of methyl-strychnium were described; and it was 
shown that while the former acts by exciting the origins of the motor 
nerves in the spinal cord, the latter act by diminishing the action and 
ultimately paralyzing the terminations of the same nerves in the 
muscles. Similar relations exist between brucia and methyl-bmcium, 
thebaia and the salts of methyl-thebaium, morphia and the salts of 
methyl-morphium, &c. Indeed, it may be stateci generally that, as far 
as observation goes, compounds of trebly-related nitrogen exeit an 
action totally different in kind from similar compounds of fivefold- 
related nitrogen, that a similar difference exists between the tri atomic 
and pentatomic compounds of other members of the nitrogen family, 
and that this principle appears to be of still wider, and probably 
general, application. 

The speaker, in conclusion, drew attention to the peculiar interest 
attaching to those regions of science which lie on the frontiers 
between two distinct departments, as on their successful exploration 
would depend the ultimate fusion of all physical sciences into one, the 
science of dynamics, the science which treats of matter and energy, 
and their relations to one another. Such a fusion is probably very 
remote ; but W’e now see in the border-land between chemistry and 
physics that slow process of absorption going on which has already 
converted the once independent sciences of sound, light, heat, elec- 
tricity, and magnetism into more or less completely subjugated pro- 
vinces of the great empire of applied mathematics. If we believe in 
the unity of the plan of creation we must believe that this process will 
advance and ultimately triuinidi. 

[A. C. B.] 



Friday, May 14, 1869. 


Sir Henry Holland, Bart, M.D. D.C.L. F.R.S. President, 
in the Chair. 

W. H. Perkin, Esq. F.R.S. 

On the Newest Colouring Matters. 

Seven years ago the subject of the Coal-tar Colours was first brought 
under your notice in this Institution by tho illustrious Dr. Hofmann, 
whose brilliant lecture on Mauve and Magenta must still bo fresh in 
your memories. Since then your attention has been directed to a 
further development of the same subject by Mr. Frederick Field; 
and it may appear strange that I should invito you after so short an 
interval to listen to another discourse on the chemistry of the arti- 
ficial colouring matters. I need not remind you, however, that in this 
age of progress tho mo6t remarkable advances are those which are 
assisted by the hand of science ; and tho bare statement that the pro- 
gress! vencss of scientific work is strikingly exemplified by the history 
of these colouring matters will, I trust, be deemed a sufficient justifi- 
cation of my review of the subject. 

The first of tho coal-tar colours, tho “ Mauve,” came before the 
world nearly thirteen years ago ; tho ‘‘ Magenta ” appeared about two 
years later ; and each succeeding year has seen additions to this 
remarkable class of products. Indeed so rapidly have these colours 
multiplied, that I can only notice the chief points of interest in their 
chemical history. 

I may remind you that coal-tar is produced in the manufacture of 
illuminating gas by the destructive distillation of coal, and that it 
consists of a host of products, from a few of which our coal-tar colours 
are derived. Many of these colours are derivatives of anilinB, one of 
the organic bases found in coal-tar. Tho separation of this base from 
the other coal-tar products is attended with much difficulty, .and for 
this reason the w^ole of the aniline employed in the manufacture of 
colouring matters is prepared from the more volatile product benzol. 
By the action of nitric acid tho benzol is converted into a dens# yellow 
oU called niiro-bemol, and by the action of nascent hydrogen this new 
compound is transformed into aniline. The benzol of commerce, 
however, is invariably a mixture of benzol and toluol^ and the product 
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obtained from it is a mixture of the allied bases aniline and toluidine, 
both of which are required for tho formation of the artificial colouring 
matters. The commercial aniline thus constituted is an oily liquid 
usually of a pale sherry colour. It dissolves readily in dilute acids, 
forming nearly colourless solutions, which yield when treated with 
bichromate of potassium a sooty black powder. This unpromising 
product contains that beautiful colouring matter tho Mauve, which 
may be extracted by dilute spirit of wine. 

As the Mauve is the oldest of the coal-tar colours, and a child of 
my own, I feel constrained to say something about its peculiarities. 
I may remind you in tho first place that it is characterized by great 
stability, a quality not shared by all the coal-tar purples. The pure 
colouring matter contains a powerful organic base now called mauveiiie. 
This base dissolves in spirit of wine, forming a solution of a dingy 
violet colour, and the development of the beautiful mauve or purple is 
tho result of the union of the base with an acid. Tho colouring 
matter generally used is tlie acetate of mauveine, a salt which may bo 
obtained in fine crystals having a green metallic lustre. So groat is 
tho affinity of 'i»:anveino for even the most feeble acids, that tlio dull 
colour of its alcoholic solution rapidly changes to purple umler tho 
influence of tho carbonic acid of tho breath. Mauveine is decolorized 
by nascent hydrogen, but its original colour is instantaneously restored 
by the oxygen of tho air. Ordinary indigo is similarly affected, but 
it does not resume its colour as rajudly as mauveine. 

As early as 1830, Runge obtained from the products of the de- 
structive distillation of coal a basic oil, which exhibited a remarkable 
blue coloration wlien treated with chloride of lime. This oil, which 
ho named Icyanol, or blue oil, was afterw’^ards found to bo aniline ; and 
since the discovery of tho mauve, the blue coloration produced by 
chloride of lime has often been ascribed to the formation of that 
colouring matter. I have lately succeeded in obtaining the pi*oduct 
of Rungo’s experiment in tho solid condition, and I find that it dis- 
solves in alcohol, forming a solution of a nearly pure blue colour, 
which is changed to a brownish-red by tho action of caustic alkali. 
It, therefore, differs essentially from tho mauve, an alcoholic solution 
of which when treated with caustic alkali passes from purjde to violet. 
The blue product, which I proj)ose to call Rungo’s Blue,” undergoes 
a very remarkable change when subjected to tho action of heat. It is 
rapidly converted into a purple colouring matter, which is found to be 
tho true mauve. Indeed Rungo’s blue is so prone to change into tho 
more stable mauve that its composition cannot be satisfactorily 
determined. 

The beautiful crystalline colouring matter Magenta, and its base 
roaaniline, have been brought under your notice, with ample illustra- 
tions of their formation and properties, on i revious occasions. I 
shall not stop, therefore, to recount the chemical history of these 
important compounds, but will proceed to develop tho principles 
which elucidate the structure of tho artificial colouring matters. I 


HS— Vol 2 G 



LIBRARY OF SCIENCE 


1 86 


may remark, however, that rosaniliue now occupies much the same 
position with respect to the coal-tar colours as aniline occupied 
formerly. It is now the principal raw material in the manufacture 
of these colouring matters. 

Nearly all the coal-tar colours contain organic bases which may 
be regarded as representatives of ammonia. It is scarcely necessary 
to remind you that this typical body ammonia is composed of three 
atoms of hydrogen and one atom of nitrogen, its symbolic formula 
being H 3 N. Chemists have found that certain groups of carbon and 
hydrogen atoms can take the place of single atoms of hydrogen in 
chemical compounds. These groups are called radicals, and many of 
them are distinguished by special names; thus wo have the radicals 

C H, Methyl II, Phenyl C»o TI^ Napthyl 


each of which has the combining value of an atom of hydrogen. Now 
we can take ammonia and by chemical means insert any one of these 
radicals in the place of hydrogen, so as to produce a complex form of 
ammonia. With the radicals I have mentioned we may g(‘t this series 
of compounds : 


H N 

h) 

Ammonia 


11 

H 

cn,) 

imiiK 


N 


H N 
C, TI,I 


I biii^laininp 


n N 


c,„. , 

Na| htbyliu in 


Phenylaminc is merely the systematic name for aniline ; so you sec we 
actually start with an ammonia in the preparation of our colouring 
matters. The process of displacing hydrogen may be continued until 
we get ammonias in which compound radicals are substituted for two- 
thirds or even the whole of the hydrogen. Wc have thus obtained 
the compounds — 



CH.) 


CJIi 


chJ n 

CH. N 

CJlJ N 

(\n 

■ N 

chJ 

CHj 

c.nj 

c.hJ 


Dirntthylaminp. 

Tnnuthylaminc 

Diphcnylaminp 

liiplK 113! inline. 


In addition to those radicals, like methyl and phenyl, which dis- 
place single atoms of hydrogen, we have other groups of carbon and 
hydrogen atoms, called bivalent radicals, each of wlii(‘h can displace 
two atoms of hydrogen. The formula 3 and names of two radicals of 
this class arc here given, dashes being used to indicate tbo combining 
value : 

(C* H,)" Ethylene (Ce H,)" Plienylene 


Now when we attempt to displace the hydrogen of ammonia by one of 
these radicals, we obtain a very remarkable result. Instead of taking 
the place of two atoms of hydrogen in a single molecule of a^imonia, 
the radical acts upon two molecules, displacing a single atom of each 
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and binding together the residues, so as to produce a double ammonia 
or diamine^ thus : 


N 


Phenylenc-diamine. 




H 1 

H 


1 ^ 

H 1 N 

H 

hJ 

H] 


(C.H.)'' 

(an,)'' 

H 

1 ^ 

n [ N 

H 

hJ 


H J 

n * 


Ammonia (2 nioK) 


Etbylent. -diamine. 


By means of those bivalent radicals wo may thus bind three molecules 
of ammonia together and obtain a triple ammonia or triamine ; and we 
may even bind four molecules together and produce a quadruple am- 
monia or tetramine. The formulee of these complex ammonias may be 
written in a comparatively simple manner, thus : 

{CAL)"\^ 

H, H, H. f"‘ 


Etbyleno-diiininc. 


P thykno-trlaminp 


Ethylcne-teti amine. 


Most of the bp«^s of our coal-tar colours are compounds of this class. 

Mauveino, tlie base of the mauve, appears to be a tetramine in 
which the group Cao Ugo takes the place of eight atoms of hydrogen. 
This group really consists of several radicals, but it may be con- 
veniently represented as an integral part of the formula, thus : 




Rosanilino, the base of the magenta, is undoubtedly a triamino, in 
which the place of six atoms of hydrogen is filled by the group Cgo Hig, 
also consisting of several radicals, which need not be written sepa- 
rately for our present purpose. We accordingly represent th«' anhy- 
drous base by the formula 




II J 


If wo boil a salt of rosaniline with aniline or phenylamine we find 
that the radical phenyl displaces the hydrogen that is not combined 
with carbon, and we obtain successively salts of three new bases which 
may bo thus formulated : 


CaoTTie) 

(an,) 

Phenyl-rosanllme 


CgoHie) ■\r 

(aH,).H f 

Dlphenyl-rosanilme. 


Cio Iliel -vr 
Ti iphenyl-iosanillne. 


* From recent experiments I am induced to consider the formula of Mauveine 
as Cm Hs 4 N4, instead of C27 Hm N4. 
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These snccessive substitutions of phenyl for hydrogen are attended with 
remarkable alterations of colour. The beautiful red or magenta colour 
of the rosaniline salt is changed first to violet, then to blue violet, and 
lastly to a magnificent blue. The salts of triphenyl-rosanUine con- 
stitute the important colouring matter which is known commercially 
as “ Bleu de Lyon ” or “ Opal Blue,” while the salts of the other two 
bases form the beautiful product called “ Violet Imperiale** The re- 
markable relationship of these colouring matters to rosaniline was 
elucidated by Dr. Hofmann. 

But phenyl is not the only radical that can bo substituted for 
hydrogen in a complex molecule, and Dr. Hofmann has succeeded in 
producing methyl and ethyl rosanilines analogous to the phenyl deri- 
vatives. By heating rosaniline with iodide of methyl we displace one 
hydrogen atom by the group CHg and obtain mefhyl-romniline, a base 
which forms salts of a rod violet colour. By the further action of the 
iodide of methyl a second hydrogen atom is displaced, and we get 
dimethyUrosaniline, the salts of which exhibit a bluer shade of violet. 
A third substitution of methyl for hydrogen gives us tnmeihyUrosani- 
line^ which forms salts of a very blue violet colour. The methyl and 
ethyl derivatives of rosaniline are the bases of the magnificent colour- 
ing matters known as the Hofmann Violets,” and extensively used 
by the dyer and the printer. 

1 may mention at this point that up to the present time I have only 
been able to effect a single substitution of methyl for hydrogen in 
mauveine. The most remarkable fact connected with this substitution 
is, that the methyl influences the colour of the product in the opposite 
manner to that observed in the case of rosaniline ; instead of making 
the colour bluer it causes it to become redder. 

Our theoretical considerations must now be interrupt^, as I have 
to call your attention to a few colouring matters upon which chemistry 
has thrown but little light as yet. 

Cfil of turpentine when treated with bromine and water yields a 
very peculiar viscid body having the composition Cjo H.g Brg. I found 
that when this product was heated with a solution of rosaniline in 
methylated spirit, purple and violet colouring matters of great beauty 
were produced. These colours are now very extensively used by the 
dyer and printer, being commercially known as the “Britannia 
Violets.” They appear to be amorphous and are easily fusible, 
consequently they are not very promising subjects for chemical 
investigation. 

The next colouring matter that comes under our notice is another 
derivative of rosaniline. When experimenting with rosaniline, M. 
Lauth found that a solution of this base in concentrated sulphuric 
acid reacted with the colourless and volatile liquid called ddehyd to 
form a beautiful blue colouring matter. Unfortunately this product 
wcua characterized by great instability, a quality not genoraUy desir- 
able in a colour. A dyer named Chirpin endeavoured to turn this 
blue to practical account, but all his attempts to render it permanent 
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were fruitless. He happened, however, to mention his difficulty to a 
friendly photographer, who having unbounded faith in the powers of 
the chemicals employed in his own art, confidently recommended hypo- 
sulphite of sodium as a fixing agent. Though the connection between 
the fixing of a dye and the fixing of a photograph was not sufficiently 
obvious to inspire hope, the dyer resolved to test the efl&cacy of his 
friend’s hyposulphite. Much to his astonishment ho foimd that the 
salt turned his useless blue into a sidendid green, which fortunately 
proved to bo a fast coloui*. This is the history of the beautiful 
colouring matter known as the “Aldchyd Green,” or ‘‘Night Green,” 
the latter name having been applied to it on account of its brilliancy 
under artificial light. Though its chemical nature is not perfectly 
understood, there can bo no doubt that it is the salt of a colourless 
organic base capable of decomposing ammonia salts. 

We must now resume the consideration of our compound am- 
monias. I have told you that all the hydrogen in ammonia may bo 
displaced by compound radicals, and have referred to trimethylamino 
as a product of this complete displacement. These complex forms of 
ammonia were studied by Wurtz and Hofmann, but more particularly 
by the latter, whose magnificent researches in connection wdth these 
Imdies have 1 him an exalted position among modern chemists. 
Having succeeded in displacing the whole of the hydrogen in am- 
monia, Dr. Hofmann naturally thought that the substitution process 
could bo carried no further ; but disregarding preconceived ideas, he 
submitted his altered ammonias to the action of the iodides of methyl 
and ethyl. He found to his astonishment, that a compound ammonia, 
like trimethylamine, would unite with the iodide to produce a splendid 
crystalline body. Those new products were found to bo comparable 
to the iodide of ammonmm. The methyl compound for instance may 
be viewed as iodide of ammonium modified by the substitution of 
methyl for hydrogen. Wc may thus indicate the relationship of tho 
two bodies : 

H 
H 
H 
H 

Icxlide of ammoDium. Iodide of tetramotbyl-ammonlnm. 

When strongly heated the iodide of tetramethyl-ammonium splits up 
into the very products from which it was prepared, namely, trimethyl- 
amino and iodide of methyl. 

We have seen that methyl can be introduced into rosanilino by 
three separate displacements of liydrogcn. An interesting question 
now arises : Will trimcthyl-rosanilino combine, like trimethylamine, 
with iodide of methyl ? It will, and the product is a beautiful colour- 
ing matter. Recollecting that the development of a blue tint in tho 
Hofmann violets indicated successive substitutions of methyl for hy- 
drogen, we might reasonably conclude that this new methyl compound 


N,I 


CH3I 

CH3 

CHs 

CHj 
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would be still bluer than a salt of trimcthyl-rosaniline. The excess 
of methyl, however, gives us a colour which lies beyond pure blue, 
our complex product j^ing the important blue-grren colouring matter 
known as the “ Iodine Green.” It is now extensively used for dyeing 
cotton and silk, and owing to its strong blue tinge it gives a great 
variety of shades when employed in combination with yellow. This 
green product when strongly heated splits up into the compounds 
from which it was formed, namely, trimethyl-rosanilino and iodide of 
methyl. 

There is still another aniline green which is now very extensively 
employed for calico printing. It is a feeble organic base producing 
crystalline salts, but its chemical relations have not been fully studied. 
It is known commercially as “ Perkin’s Green.” 

I must now call your attention to a red colouring matter, which, 
like the mauve, is a product of the oxidation of aniline. Its shade of 
colour approximates to that of “ safflower extract,” the colouring matter 
of the Carthamus tmetoriua, and is much redder than magenta. I first 
obtained this product several years ago, but only in small quantities. 
Improved methods for preparing it have been proposed, and it is 
already employed to a limited extent in the arts. It is commonly 
called “Aniline Pink.” It is also known as “Safraninc,” but this name 
properly belongs to the colouring matter of saffron. I am at present 
engaged in an investigation of tho chemical nature of this body, and 
from the results already obtained, I conclude that it contains an 
organic base which gives crimson solutions with acids and forms 
crystallizable salts. This base appears to be composed of Cie N^, 
and its reactions show that it is closely related to mauveine. 

Last year, M. Clavel, of Basle, patented a process for producing 
a new colouring matter from naphthaline or rather from ftaphthylaminee 
or, according to his own statement, from “ an isomer of naphthylamine.” 
This process consists in heating together equal quantities of tho 
“isomeric naphthylamine,” acetic acid, and nitrite of potassium to 
about 120^ C., and then adding na 2 »hthylaminc, the temperature being 
maintained at 120*^ C. until the desired colour is produced. When 
purified, the product is a beautiful crimson colour, specially adapted 
for silk dyeing. 

Several years ago, Mr. Church and myself obtained by tho action 
of nitrites on salts of naphthylamine a beautiful crystalline compound, 
called azo-dinaphthyl-diamine, consisting of two molecules of napbthy- 
lamine linked together by an atom of trivalent nitrogen occupying the 
place of throe atoms of hydrogen. Its formula may be written thus : 

C.oH, 

®10 H7 
H f"* 

N'" 

Azo-dinapbthyl'diamme 

This substance is an organic base, giving a solution of an omnge- 
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yellow /Rolour, and producing with acids various salts, some of which 
are violet. Now I find that M. Clavcrs now colouring matter can 
readily be produced from this azo-dinaphthyl -diamino by a process 
which appears to elucidate its chemical nature without compelling us 
to assume the existence of an isomeric naphthylamino. On heating 
azo-dinaphthyl-diamino with ordinary naphthylamine and an acid, we 
obtain the new product by a reaction which seems to bo analogous to 
that which occurs when rosaniline is boiled with aniline. In the latter 
case wo know that phenyl is substituted for hydrogen, and there can 
be little doubt that the reaction wo arc now considering consists in 
tlie substitution of naphthyl for hydrogen, tho product being azo-tri- 
na^hthyl-diaynine, which may bo thus formulated : 


c.onr I 

C.oH, [ 

N'"l 


N* 


A/u-trinaphlhj l-diarame 


This new dye is known in commerce as “Magdala.” On boiling our 
azo dinaidithyl-diainine with aniline we obtain another red colouring 
matter whi'^lr *• ;‘^‘obably azo-jjJicnyJ dinapJithyUdiamine^ 

Tho aniline pink and tlie magdahi are characterized by a remark- 
able fiuorcscenco in the green rays of the spectrum. 

The last result obtained in tlie i)roduetion of colouring matters 
indicates a perfectly now lino of research. Nearly all the coal-tar 
colours contain organic bases which may be viewed as representatives 
of ammonia, but the discovery referred to diiocts our attention to 
products of a dificrent class — products which do not contain nitrogen. 
^J^his discovery derives additional importance from the fact that it is a 
preci'dent for the artificial production of the natural colouring matters. 
The product recently obtained is in fact the true colouring matter of 
the madder root, namely “Alizarine.” 

Graebe and Lieberiiiann found that nascent hydrogen converted 
natural alizarine into a hydro-carbon, which proved to be ardhracency 
one of the coal-tar products. This result naturally suggested an 
attempt to produce alizarine from anthracene by w'orking backwards, 
and the well-directed labours of the two chemists have been crowned 
with success. Several years since, Dr. Amhu’son obtained an oxy- 
genated derivative of anthracene, having tho composition C^HeOa, 
and now called anih aldnone. On treating this with bromine, Graebe 
and Lii'bormann obtained bihromo-anthrakiiwyiey having tho formula 
nr,,)Oj,, and this compound, when digested w'ith potash, gave 
them alizarine, wliieli has tho formula CuHhO^. I may remind you that 
alizarine is one of our most important colouring matters, being exten- 
sively U8('d for the production of Turkey red, and our lilac, pink, and 
chocolate prints. 

I have given you a brief history of tho pi -ncipal artificial colour- 
ing matters, and have endeavoui*ed to elucidato the constitution or 
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structure of those which have been studied by chemists. Though the 
beautiful relations of rosanilino and its derivatives are now very evident, 
it must bo admitted that for want of sufficient data we are compelled 
to regard many of our colouring matters as isolated products. Wo 
may, however, detect some slight connecting threads of chemical re- 
lationship between all the coal-tar colours. They may be said to have 
a common origin, as they can be generally described as phenylic deri- 
vatives. The hydro-carbons from which most of them are produced 
contain the radical phenyl ; thus benzol is the hydride of phenyl, while 
toluol may bo regarded os a compound of phenyl and methyl. Wc do 
not find, however, that those and other substances containing phenyl are 
coloui’ing matters, but the development of colour seems to attend the 
removal of hydi'ogcn from phenyl. Thus in rosaniline and mauveino 
we appear to have the radical phenylene Co II4, which is simply phenyl 
deprived of an atom of hydrogen. I do not assert that this particular 
radical is common to all the colour-producing bases, but I have como 
to the conclusion that each of these bases contains a phenyl residue, 
that is to say, phenyl more or less dehydrogenated. The natural 
coloiu-ing matteis have been only partially studied, but some of them 
undoubtedly contain plicuyl residues. We tlius trace a connection 
between the colours produced artificially and those formed in the labo- 
ratory f»f nature. 

Wlicn 1 commenced my lecture, I referred to the rai)id advances 
of applied science. The liistory of the production of artificial colour- 
ing matters is a striking illustnition of scientific progress. The new 
industry which emerged from the laboratory only thirteen years ago 
Inas attained such vast pro2)ortions, that its i)rescut annual value is 
computed to be more tlian a million and a quarter. Now that wo aro 
beginning to produce the natural colouring matters from Cbal-tar, it is 
impossible to form any conception of the ultimate magnitude of this 
important industry. • 

[W. H. P.] 
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ILILFIIIAN PROl 01 CIII MISHIT, K 1. 


On the Simpleat Organic Compounds, 

All the olefine hydi'ocarbons are found to have one and the same 
ultimate composition, or ratio of carbon to hydrogen. 


c.ir, .. .. 

Ethylene 

c,n, .. .. 

Propylene 

.. .. 

Butylene 

C,IT,„ .. .. 

Amylcno 

.. .. 

l^C., L^'C. 


But these hydrocarbons obviously diiTer in the coinp]< xity of tlunr con- 
stitution. Some of them are gases, ditiering from one another in conden- 
sability ; others of them arc liquids, diticring from one another in vola- 
tility ; while others of tlicm are solids, differing from one anotlier in 
fusibility. The exact degree of complexity of eacli liydroearbon is shown 
by its reactions. Thus the hydrogen of gaseous ethylene being ex- 
perimentally divisible into four parts, and its carbon into two parts, 
there is deduced for it the formula ; nhile tlie hy<lrogeu of 

liquid amylcno being experimentally divisible into ten jmrts, and its 
carbon into five parts, there is deduced for it the formula C^Hjo. 
Again, it is possible to extract from a given volume of ethylene gas 
and amylene vapour, four times and ten times resj^ectively the actual 
weight of hydrcjgen obtainable from the same volume of liydrochloric 
acid gas; and also to extract therefrom two times and five times re- 
spectively the actual weight of carbon that is obtainable from the 
same volume of carbonic acid gas — these two gases, formulated as 
HGl and CO, 5 , containing within a given volume the smallest observed 
weights of hydrogen and of carbon respectively. The olefine hydro- 
carbons are said to be polymeric, and their different proj)erties are 
satisfactorily referable to the different relative weights of their units or 
molecules. There exist many other scries of polymeric bodies, that 
is of bodies having one and the same ultimate composition, but dif- 
ferent molecular weights. 


HS VoI2G* 
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IJ. 

Acetone, propion-aldehyd, and allyl-alcohol are entirely different 
substances, possessed of well-marked distinctive properties. Like tlio 
several ole&ies, they have the same ultimate composition as each 
other ; but, unlike the several olefines, they have also the same mole- 
cular weight as each other, and are expressed by the same molecular 
formula CsHbO. In each of them the carbon is experimentally divi- 
sible into three parts, and the hydrogen into six parts, while tho 
oxygen is indivisible ; and it is possible to extract from any given 
volume of one of them exactly the samo weights of carbon, hydrogen, 
and oxygon that are obtainable from tho samo gas-volume of each of 
the other two. These different bodies are said to be metameric, and 
their different properties are necessarily referable to a difference in 
the arrangement of their constituent elements. 

III. 

The existence of a determinate structural arrangement in chemical 
compounds is further demonstrated by a host of considerations; but 
the difficulty of making out the actual structure of individual compounds 
has hitherto proved insuperable. The facility of setting forth imagi- 
nary structure, however, is very great; and accordingly the presenta- 
tion of imaginary for ascertained structure has been freely practised 
by chemists from tho first introduction of chemical formul© until now. 
But in what degree soever a determination of absolute chemical structure 
may hereafter be achieved, tho possibility exists very generally, even 
at the present day, of determining relative chduical structure— of 
making out that in such and such a body the structural arrangement 
is similar to, or different from, that of some other and usually more 
simple body. Hence tho importance of studying the structural ana- 
logies of the simplest organic bodies. 

IV. 

Marsh-gas is furnished by the decay of moist vegetable tissue, and 
in other ways. Chloride of methyl-gas is furnished by tlie action of 
hydrochloric acid upon narcotino, codeine, wood-spirit, &c. Tlio 
ultimate composition of tho two gases is (expressed by the formula) 
CH^and CHjCl respectively. Marsh-gas is transformable into mctliyl- 
chloride by tho action of chlorine ; and methyl-chloride into marsh- 
gas by the action of hydrogen. From this mutual metamorphosis, and 
from the parallelism of their properties, formations, and transformations, 
the two gases are inferred to have one and the same molecular struc- 
ture, whatever that may be ; and tho same conclusion is applicable to 
tho entire series of bodies formulated below : — 


CH, .. 

.. Marsh-gas. 

CH,C1 .. 

Methyl-chloride. 


Methylcn-dichloride. 

CHCl, .. 

Chloroform. 

CCl, .. 

Perchlorido of carbon. 
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V. 

Wood-Spirit is usually furnished by the destructive distillation of 
wood, but is procurable from many other sources, and especially from 
essential oil of winter-green, by its decomposition with potash. The 
ultimate composition of wood-spirit is expressed by the formula 
CH 4 O ; and it is observable that the difference of ultimate composition 
between wood-spirit and methyl-chloride CHgCl, is the same as that 
between water HjO, and hydrochloric acid HCl ; as is shown more 
clearly by the following formulae, in which the differential constitu- 
ents of the two pairs of bodies are included in parentheses. 

HCCl) .. .. H(nO). 1 CH^tCl) .. . CHa(HO). 

Further, the residue IT of hydrochloric acid and residue CHg of 
mcthyl-clilorido are transformable into water and wood-spirit respect- 
ively, and re-transformable from water and wood-spirit back to hydro- 
chloric acid and methyl-chloride respectively, by precisely similar 
reactions. 

From the mutual metamorphoses and parallel habitudes of the two 
bodies, methyl-chloride and wood-spirit, it is inferred that, with regard 
to their common residue CH^, they have the same structure as one 
another; 'vith regard to their differential constituents, fCl) and 

(IIO), their difference of structure is analogous to the difference 
between hydrochloric acid and water. 

VI. 

Hydrochloric acid HCl, and water HgO, are the first and second 
terras of a series of bodies of which the thiid and fourth terms are 
constituted by ammonia HjN, and marsh-gas H^C respectively. Hence 
arises a question as to the existence of organic bodies bearing to 
methyl-chloride and wood-spirit the relation that ammonia and 
marsh-gas bear to hydrochloric acid and water. 


VII. 


Many years ago, methyl-amino was discovered by Wurtz. It is 
now known to occur as a product of the putrefaction of, and also 
of the action of alkalis upon, many animal substances. Its resem- 
blance in properties to ammonia is most remarkable, and its differen- 
tiation therefrom somewhat difficult. Its ultimate composition is ex- 
pressed by tho formula ClIjN ; whence it appears that the difference 
of ultimate composition between methyl-amine and wood-spirit and 
methyl-chloride is the same as that between ammonia and water and 
hydrochloric acid. 


HCl .. .. CHsCl 
H*0 .. .. CH 4 O 

H,N .. .. CH^N 


H(C1) .. . CHsCCl) 

II (HO) .. .. CH3(H0) 
H(H.N) .. .. CHa(H.N) 


Moreover, methyl-amine, wood-spirit, and methyl-chloride are 
mutually convertible, through exchanges of their differential consti- 
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tuents, by processes effecting similar mutual conversions 6i hydro- 
chloric acid, water, and ammonia. From the mutual metamorphoses 
and parallel habitudes of the three bodies, it is inferred that, with 
regard to their common residue GHg, they have the same structure os 
each other, while with regard to their differential constituents (Cl), 
(HO), and (HgN), their difference of structure is similar to the dif- 
ference between hydrochloric acid and water and ammonia. 


Wood-spirit or methyl-hydrate is producible by the action of 
methyl-chloride upon sodium-hydrate NaHO; and methyl-amine by 
the action of methyl-chloride upon sodium-amide NaH^N. Simi- 
larly, mothyl-mcthido is producible by the action of methyl- 
chloride upon sodinm-methide NaH^C. (Action of methyl-iodide 
upon zinc-methido. — Frankland and Kolbe.) 

NaHO -f Cn,Cl = CH,0 + NaCl 

NaH,N -f CHaCl = CH,N + NaCl 

NaHaC + CHaCl = CH^C + NaCl 

This methyl-methide is now known to be identical with the hydro- 

carbon C^Ha, producible by the indirect deoxidation of common 
alcohol C«HflO, and known as ethane or hydride of ethyl. Ethane 
CHa^HgC), being susceptible of two distinct and similar sets of 
marsVgas reactions, just as methyl-amino CH 3 (HjjN) is susceptible 
of one set of marsh-gas and one set of ammonia reactions — as before, 
an identity of structure between ethane and methyl-amine is in- 
ferred with respect to their common residue CH 3 , and a difference of 
structure with respect to their differential constituents (H^C) and 
(HgN), parallel to the difference in structure between marsli-gas and 
ammonia. 

IX. 

The property of oxygen that is half-saturated by hydrogen, or of 
the water residue HO", and the property of nitrogen that is two- 
thirds saturated by hydrogen, or of the ammonia residue HgN'", to 
suffer an exchange for one proportion of chlorine or hydrogen, has 
baen shown in the above, and might be shown in many other com- 
pounds. But oxygen, altogether unsaturated by hydrogen, has the 
additional property of being exchangeable for two proportions of 
chlorine or hy^ogen ; and nitrogen, altogether unsaturated by hydro- 
gen, has the additional property of being exchangeable for tlireo 
proportions of chlorine or hydrogen, as indicated by the suocoeding 
formulas for mercuric oxide and mercuric chloride, and for boric 
nitride and boric phloride respectively. 

NaP' .. .. HgO" .. .. BN'" 

NaCl .. . HgCl. .. . BCla 
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Marsh-gas compounds, in which hydrogen or chlorine has been 
exchanged for half-saturated oxygen and two-thirds saturated nitro- 
gen, have been already adduced in wood-spirit CH4O, and methyl- 
amine CH5N ; and reference has also been made, to the corresponding 
hydro-carbon CHaC or CgTIe. The question now arises as to the 
existence of marsh-gas compounds in which hydrogen or chlorine 
has been exchanged fbr else unsaturated oxygon and nitrogen, and of 
hydrocarbons corresponding to these compounds. 

X. 

Some few years back a curious oxidation product of wood-spirit 
was discovered by Hofmann. It is now called formic aldeliyd, and its 
ultimate composition is expressed by the formula CHgO. In respect 
of ultimate composition its relationship to the second marsh-gas 
chloride CHaClj is obviously similar to that of mercuric oxide HgO, 
to mercuric chloride HgCl*. Both formic aldehyd and methylcn di- 
chlorido, however, are imperfectly studied compounds, and their 
actual metamorphoses are unknown. But in the case of many other 
aldehyds and corresponding organic dichlorides, the relationship of 
mutual m^^taniv>ip]>08i8 is well established, whence it is believed to 
exist between these two compounds also. On this assumption formic 
aldehyd CHgO", and methylen dichloride CH^CU, are inferred to 
have one and the same structural arrangement in rc 8 i)ect to their 
common residue CHg, and a difference of structure in respect to 
their differential constituents 0 " and Clg, similar to the difference 
between oxide and chloride of mercury for example. 

XI. 

Prussic acid is a well-known organic compound producible by the 
action of water on bitter almond kernels, and in various other ways. 
Its ultimate composition being expressed by tlio formula (,’ITN, the 
difference in ultimate composition between it and chloroform CHClj, 
is obviously similar to the difference in composition between nitride 
and chloride of boron, BN and BCI3 respectively. Now chloroform 
is readily converted into prussic acid, and boric chloride into boric 
nitride, by the similar action of ammonia upon the two compounds, 
with exchange of Clg for N'", thus : — 

CHCla + H3N = CHN + 3 HC 1 
BCI3 + H3N = BN -f 3 HC 1 . 

Prussic acid CHN'", and chloroform CHClg, are accordingly inferred to 
have one and the same structure in respect of their common residue 
CH, and a difference of structure in respect of their differential con- 
stituents N"' and Cls, parallel to the differenoo between nitride and 
chloride of boron for example. 
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XII. 

Allowing for the different replaceable values of oxygon O", and 
nitrogen N'", the relationship of methyl-amine to pnissio acid is com- 
parable with that of formic aldehyd to wood-spirit : — 


Wood-spirit C H 4 0 
Methylamine CHaN 
Ethane . . C 11^ C 


Formic aldehyd 0 H* 0 
Ethylene . . C H 4 C 


Prussic acid C H N 
Acetylene . C H, 0 


Prussic acid and formic aldehyd are procurable from methylamine 
and wood-spirit respectively, by similar processes of dehydrogenation 
or oxidation ; while methyl-amine actually, and wood-spirit analogically, 
are reproducible from prussic acid and formic aldehyd by the reverse 
process of hydrogenation. Now the difference in ultimate composition, 
between othane and olefiant gas, or ethylene, is similar to that between 
wood-spirit and formic aldehyd ; and the difference of ultimate com- 
position, between the hydrocarbons ethane and acetylene, is similar to 
that between methyl- amino and prussic acid. Moreover ethane is 
convertible successively into ethylene and acetylene by oxidation ; and 
acetylene is reconvertible into ethyl^ie and ethane successively by 
hydrogenation. 

XIIL 

The experimental relationship of ethane, methyl-amine, and wood- 
spirit has been already considered. Formic aldehyd being a very 
imperfectly-studied compound, the relationship between it and 
ethylene is as yet analogical only ; but the experimental relationship 
between acetylene and prussic acid has recently been established by 
Berthelot, who has shown that mixed acetylene and nitrogen are con- 
vertible into prussic acid, and that prussic acid is reconvertiblo into 
mixed acetylene and nitrogen, by the action of the electric spark. 

CH,C or CH.HC -f NN = CHN^NHC 


XIV. 

Just as the existence in methyl-chloride, in formic aldehyd, and in 
prussic acid of one marsh-gas residue, plus one hydrochloric acid 
residue CF, and one water residue O", and one ammonia residue N"', 
respectively, is inferable from the relationships and behaviour of the 
respective bodies — so is the existence alike in ethane, ethylene, and 
acetylene of two marsh-gas residues inferable from the relationships 
and behaviour of these respective bodies. As shown more especially by 
Kekule, the individual marsh-gas residues of every hydrocarbon are 
found to be susccj^tible of changes exactly similar to those of marsh- 
gas itself, and resulting in the formation of similarly characterized 
bodies, as indicated below in the case of some ethane and ethylene 
derivatives. 
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Ethyl chloride C H3 . C H* (Cl) Vinyl-chloride C H*. C H (Cl) 
Alcohol . . CH3.CH3(H0) Vinyl-alcohol CH*.CH(nO) 

Ethylamine C II3 . C H* (H*N) Vinyl-amine C H* . C H (H^N) 

Propane . . C H3. C Hj (HjC) Propylene C Hg. C H (HgC) 


XV. 

In any hydrocarbon or chlorhydrocarbon, the substitution of half- 
saturated oxygen HO", for one proportion of hydrogen or chlorine, is 
productive of a compound either similar or dissimilar in its properties 
to common alcohol CgH <,0 or CH3.CH2(HO). Hence, from an exami- 
nation of the resulting product, and of its other modes of formation, 
an inference is dcducible as to its genesis having resulted from a change 
effected in the marsh-gas residue CH3 in the former case, and from a 
change effected in one or other of the marsh-gas residues dig and 
CH in the latter case. 

In any hydrocarbon or chlorhydrocarbon, the substitution of one 
proportion of oxygen 0", for two proi>ortion8 of hydrogen or chlorine, 
is productive of a compound cither similar or dissimilar in its pro- 
perties to common aldehyd CgH^O or CH3.CHO''. Hence, from an 
examination of ihe resulting product, and of its other modes of form- 
ation, an inference is dcducible as to its genesis having resulted from a 
change effected in the marsh-gas residue Cllg in the former case, and 
from a change effected in the marsh-gas residue CHg in the latter 
case. 

The relative structure of the previously cited metaineric compounds 
propion-aldehyd, acetone, and allyl-alcohol is thus ascertainable, and 
is expressed in the following structural formulto : — 


Hydrocarbon. 

C3H3 or CH,. CHg. CH3 
C3H3 or CHg.CH.CH3 


Metameric Derivatives. 

CTI3 CHg.CHO" Propion-aldehyd. 
CH3.CO. CH3 ., Acetone. 

CHg. CH . CTTg(nO) Allyl-alcoliol. 


[W. 0 .] 
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Funutrw IKOlhSsoR OP CIIl-Mrt>TK\, HI 

On Professor Graham's Scientific Worlc. 

The simple story of Mr. Graliain’s life, tlioii^h not ^\itliont its 
nieasuie of interest, and certainly not %’vitl)()ut its lessons, is leferred 
to in the following pages only in illustration of the grandfT story of 
his w'ork. Tlioiuas Graham was born in Glasgow, on tho 21ht l3oe., 
1805. He entered as a student at the University of Glasgow, in 1810, 
with a view to becoming ultimately a Minister of the Establislu'd 
Church of Scotland. At that time, the University chair of Chemistry 
was tilled by Dr. Thomas Thomson, a man of very considerable mark, 
and one of the most erudite and thoughtful chemists of his day. The 
(diair of Natural Philosophy was also tilled by a man of much learning, 
Dr. Meiklehain, who appears to have taken a w^arm personal interest 
in the progress of Ins since distinguished pupil. UndcT these masters, 
lilr. Graham acc^uired A strong liking for experimental science, and 
a dislike to the prof(\ssioii chosen for him by his father ; w ho, for a 
time at least, seems to have excTted the authority of a parent some- 
what liarshly, but quite unavailingly, to effect the fulfilment of his 
own earnest wishes in the matter. 

After taking his degree of Master of Aii;8 at Glasgow, in 1826, 
Mr. Graham worked for nearly two years in tho laboratory of tho 
University of Edinburgh, under Dr. Hope. He then returned to 
Glasgow ; and, while supporting himself by teaching, at first mathe- 
matics and afterwards chemistry, yet found time to follow up the path 
of experimental inquiry, on which ho hud already entered. 

His first original paper appeared in the ‘Annals of Philosophy* 
for 1826, its author being at tliat time in his twenty -first year. It is 
interesting to note that the subject of this communication, “ On tho 
Absorption of Gasos by Idquids,*’ forms part and parcel of that largo 
subject of spontaneous gas-movement with which Mr. Graham’s name 
is now so inseparably associated ; and that, in a paper communicated 
to tho Royal Society just forty years later, ho speaks of tho liquo- 
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fiability of gases by chemical means, in language almost identical with 
that used in this earliest of his published memoirs. 

Having, in the interval, contributed several other papers to the 
scientific journals, in the year 1829 he published in the ‘ Quarterly 
J ournal of Science ’ — the journal, that is to say, of the Royal Institu- 
tion — the first of his papers relating specifically to the subject of 
gas-diffusion. It was entitled “A short Account of Experimental 
Researches on the Diffusion of Gases through each other, and their 
Separation by Mechanical Means.” In the same year, ho became 
Lecturer on Chemistry at the Mechanics’ Institute, Glasgow ; and in 
the next year, 1830, achieved the yet more decisive stop of being 
api)ointed Professor of Chemistry at the Andersonian University. By 
tliis appointment he was relieved from anxiety on the score of living; 
and afforded, in a modest way, the means of carrying out his experi- 
mental work. 

In 1831, he read, bc'fore the Royal Society of Edinburgh, a paper 
“ On the Law of the Diffusion of Gases,” for which the Keith prize of 
tlie Society was shortly afterwards awarded him. Although several 
of his earlier papers, an<l especially that on the Diffusion of Gases, 
published in the ‘Quarterly Journal of Science,’ had given evidence 
of consideiablb power, it was this paper — in which he established the 
now well-rccognized law that the velocities of diffusion of different 
gases arc inversely as the square roots of their specific gravities — 
that constituted the first of what may properly be considered his great 
contributioTis to the progress of chemical science. 

In 1833, he communicated a paper, of scarcely less importance, 
to the Royal Society of London, entitled “ Researches' on the Arse- 
niates, Phosphates, and Modifications of Phosphoric Acid.” It afforded 
further evidence of Mr. Graham’s quiet steady power of investi- 
gating phenomena, and of his skill in interpreting results; or rather 
of his skill in setting forth the results in all their simplicity, un- 
distorted by the gloss of preconceived notions, so as to make them 
render up their own interpretation. It is difficult now-a-days to 
realize the independence of mind involved in Mr. Graham’s simple 
interpretation of the facts, presented to him in this research, by the 
light of the facts themselves, irrespective of all traditional modes 
of viewing them. Their investigation let in a flood of light upon the 
chemistry of that day ; and formed a starting-point from which many 
of our most recent advances may be directly traced. In this paper, 
Mr. Graham established the existence of two new, and, at that time, 
wholly unanticipated classes of bodies, namely, tho class of poly- 
basic acids and salts, and tho class of so-called anhydro-acids and 
salts. The views of Graham on tho poly basicity of phosphoric 
acid were soon afterwards applied by Liebig to tartaric acid, and by 
Gerhardt to polybasic acids in general, as wo now recognize them. 
After a long interval, the idea of polybasicily was next extended to 
radicals and to metals by Williamson and myself successively ; after- 
wards to alcohols by Wurtz, and to ammonias by Hofmann. The 
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notion of anhydronsalts was extended by myself to the different classes 
of silicates ; by Wurtz to the compounds intermediate between oxido 
of ethylene and glycol ; and by other chemists to many different series 
of organic bodies. 

The next most important of the researches, completed by Mr. 
Graham while at Glasgow, was the subject of a paper communicated 
to the Royal Society of Edinburgh, in 1835, “On Water as a Consti- 
tuent of Salts,” and of a second paper communicated to the Royal 
Society of London, in 1836, entitled “ Inquiries respecting the Consti- 
tution of Salts, &c.,” for which latter, a Royal medal of the Society 
was afterwards awarded. The subject of hydration had yielded him 
such a harvest of results in the case of phosphoric acid, that it was only 
natural he should wish to pursue the inquiry farther. Indeed, it is a 
curious illustration of the persistency of the man, that he never 
seems to have left out of sight the subjects of his early labours. 
Almost all his subsequent original work is but a development, in 
different directions, of his youthful researches on gas-diffusion and 
water of hydration ; and so completely did he bridge over the space 
intervening between these widely remote subjects, that, with regaid 
to several of his later investigations, it is difficult to say whether 
they are most directly tiaceablo to his primitive woik on the one 
subject or on the other. 

In 1837, on the death of Dr. Edward Turner, Mr. Graham was 
appointed Professor of Chemistry at University College, London, then 
called the University of London. On his acceptance of this ap- 
pointment, ho began the publication of his well-known ‘ Elemc uts of 
Chemistry,’ which appeared in parts, at ii regular intervals, be twecti 
1837 and 1811. Elementary works, written for the use of students, 
have necessarily much in common ; but the treatise of Mr. Graham, 
while giving an admirably digested account of tho most important 
individual substances. Was specially distinguished by the chai actor of 
the introeiuctory chapters, devoted to Chemical Physics ; wherein was 
set forth one of the most original and masterly statements of tho first 
principles of chemistry that has ever been placed before tho English 
student. “ The Theory of the Voltaic Circle” had formed the subject 
of a paper communicated by Mr. Graham to the British Association 
in 1839 ; and the account of the working of the battery, given in his 
Elements of Chemistry, and based on the above paper, will long be 
regarded as a model of lucid scientific exposition. 

In 1841, the now flourishing Chemical Society of London was 
founded; and though Mr. Graham had been, at that time, but four years 
in London, such was tho estimation in which he was held by his brother 
chemists, that he was unanimously chosen as the first President of the 
Society. The year 1844 is noticeable in another way. Wollaston and 
Davy had been dead for some years. Faraday’s attention had been 
diverted from chemistry to those other branches of experimental 
inquiry in which his highest distinctions were achieved ; and, by the 
death of Dalton in this year, Mr. Graham was left as tho acknowledged 
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first of English chemists, as the not unworthy successor to the position 
of Black, Priestley, Cavendish, Wollaston, Davy, and Dalton. 

From the pericii of his appointment at University College, in 1837, 
Mr. Graham’s time was fully occupied in teaching, in writing, in 
advising on chemical manufactures, in investigating fiscal and other 
questions for the Government, and in the publication of various 
scientific memoirs, several of them possessing a high degree of interest ; 
but it was not till 1846 that he produced a research of any consider- 
able magnitude. In that year he presented to the Royal Society 
the first part of a paper “ On the Motion of Gases,” the second part 
of which ho supplied in 1849. For this research, Mr. Graham was 
awarded a second Royal Medal of the Society in 1850. The pre- 
liminary portion of the first part of the paper related to an experi- 
mental demonstration of the law of the effusion of gases, deduced from 
Torricelli’s theorem on the efflux of liquids, — a demonstration tliat was 
achieved by Mr. Graham with much ingenuity, and without his en- 
countering any formidable difficulty. But the greater portiiui of tho 
first i)art, and whole of the second part, of this most laborious paper, 
were devoted to an investigation of the velocities of transpiration of 
different gaseji through capillary tubes ; with a view to discover some 
general law' by which their observed transpiration rates might be 
associated with one another. Again and again, with characteristic 
pertinacity, Mr. Graham returned to the investigation ; but, although 
much valuable information of an entirely novel character was acquired 
— information having an important bearing on his subsequent work — 
the iiroblem itself remained, and yet remains, unsolved. Why, for 
example, under an equal pressure, oxygen gas should pass through a 
capillary tube at a slower rate than any other gas is a matter that still 
awaits interpretation. 

Near the end of the same year, 1849, Mr. Graham communicated, 
also to the Hoyal Society, a second less laborious, but in the novelty 
and interest of its results more successful, paper “ On the Diffusion of 
Liquids.” It was made tlio Bakerian lecture for 1850; and was 
supplemented by further observations commimicated to the Society in 
1850 and 1851. In his investigation of this subject, Mr. Graham 
applied to liquids tho exact method of inquiry which ho had applied 
to gases just twenty years before, in that earliest of his papers on the 
subject of gas-diffusion published in the ‘ Quarterly Journal of 
Science ; ’ and ho succeeded in placing tho subject of liquid-diffusion 
on about the same footing as that to which he had raised tho subject 
of gas-diffusion prior to 3ie discovery of his numerical law. 

In 1854, Mr. Graham commimicated another paper to the Royal 
Society, “On Osmotic Force,” a subject intimately connected with 
that of his last previous communication. This paper was also made 
tho Bakerian lecture for the year; but, altogether, the conclusions 
arrived at were hardly in proportion to tho very great labour expended 
on the inquiry. In the next year, 1855, just five-and-twenty years 
after his appointment at tho Andersonian University, Mr. Graham was 
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made Master of the Mint ; and, as a consequence, resigned his Pro- 
fessorship at University College. During the next five years ho 
published no original work. 

Thus, at the beginning of the year 1861, Mr. Graham, then fifty- 
six years of age, h^ prcduced, in addition to many less important 
communications, five principal memoirs ; three of them in the highest 
degree successful ; the other two less successful in proportion to tho 
expenditure of time and labour on them, but, nevertheless, of great 
originality and value. The most brilliant period, however, of his 
scientific career was to come. In the year 1861, and between then 
and his death in 1869, Mr. Graham communicated four elaborate 
papers to the Royal Society ; three of them far exceeding in novelty, 
interest, and philosophic power anything that ho had before pro- 
duced ; and the other of them, relating to a certain physical effect of 
that hydration of compounds, from the consideration of which his 
attention could never wholly be withdrawn. This least important 
paper, “ On Liquid Transpiration in relation to Chemical Compo- 
sition,” was communicated to the Royal Society in 1861. Of the 
three greater papers, that “On Liquid Diffusion applied to Ana- 
lysis ” was communicated also in 1861. For this paper more espe- 
cially, as well as for his Bakcrian lectures “On tho Diffusion of 
Liquids ” and “ On Osmotic Force,” Mr. Graham received, in 1862, 
the Copley Medal of the Royal Society ; and, in the same year, was 
also awarded the Jecker Prize of the Institute of Prance. Following 
in quick succession, his paper “ On the Molecular Mobility of Gases ” 
was presented to tho Royal Society in 1863 ; and that “ On tho 
Absorption and Dialytic Separation of Gases by Colloid Septa,” in 
1866. With regard to these tliree great papers, two of them were each 
supplemented by a communication to the Chemical Society ; while tho 
third was supplemented by four successive notes to tho Royal Society, 
containing an account offurther discoveries on the same subject, hardly 
less remarkable than those recorded in the original paper. The last 
of these supplementary notes was communicated on June 10th, 1869, 
but a few months before the death, on September 13th, of tho inde- 
fatigable but physically broken-down man. 

In considering Mr. Graham as a chemical philosopher and law- 
giver we find him characterized by a pertinacity of purpose pecu- 
liarly his own. Wanting the more striking qualities by which his 
immediate predecessors, Davy, Dalton, and Faraday, were severally 
distinguished, he displayed a positive zeal for tedious quantitative 
work, and a wonderful keen-sigh tedness in seizing the points which 
his innumerable determinations of various kinds, conducted almost 
incessantly for a period of forty years, successively unfolded. His 
work itself was essentially that of detail, original in conewtion, 
simple in executimi, laborious by its quantity, and brilliant m the 
marvellous results to which it led. As regards its simplicity of execu- 
tion, scarcely any investigator of recent times has been less a friend 
to the instrument-maker than Mr. Gruham. While availing himself, 
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with much advantage, of appliances devised by Bunsen, Poiseuillo, 
Sprengel, and others, all the apparatus introduced by himself was of 
the simplest character, and for the most part of laboratory construction. 

Essentially inductive in his mode of thought, Mr. Graham deve- 
loped his leading idoas, one after another, directly from experiment, 
scarcely, if at all, from the prevailing ideas of the time. As well ob- 
served by Dr. Angus Smith, “ he seemed to feel his way by his work.” 
Ilia records of work are usually, in a manner almost characteristic, 
preceded each by a statement of the interpretation or conclusion which 
he formed ; but the records themselves are expressed in the most 
unbiassed matter-of-fact language. Singularly cautious in drawing his 
conclusions, he announces them from the first with boldness, making 
no attempt to convince, but leaving the reader to adopt them or not as 
ho pleases. Accordingly, in giving an account of his various rescarclies, 
Mr. Graham rarely, if ever, deals with argument ; but he states suc- 
cinctly the ex|)oriments ho has made, the conclusions he has himself 
drawn, and not unfrequently the almost daring speculations and 
generalizations on which ho has ventured. Some of these sjdccu- 
lations, on the constitution of matter, are reproduced in his o\vn words 
farther on. 

Mr. Gralirt.i Tas elected a Fellow of the Royal Society in 1837 ; 
Corresponding Moniber of tho Institute of France in 184:7 ; and Doc- 
tor of Civil Law of Oxford in 1855. 

Tho remaining pages of this abstract aro devoted to an account of 
his principal discoveries, — the g<*neralizations tliey suggested to him, 
and the relations in which they stood to precedent knowledge. 

I. 

Modifications of Pkosj)horlc Acid . — At the date of Mr. Graham’s 
investigation of this subject, when oxy-salts were usually repre- 
sented as compounds of anhydrous base Avith anhydrous acid, the 
point of greatest importance, with regard to each class of salts, was 
held to be tho ratio borne by the oxygen of the base to the oxygon of 
tho acid. Thus, in the carbonates, this ratio was as 1 to 2 ; in tho 
sulphates, as 1 to 3 ; and in the nitrates, as 1 to 5. But with regard 
to tho phosphates, taking common phosphate of soda as a type of 
phosphates in general, there was a difficulty. Dr. Thomson maintained 
that, in this salt, the ratio of the oxygen of tho base to the oxygen of 
tho acid was as 1 to 2 ; and his view was substantially supported by 
Sir Humphry Davy. Berzelius contended, however, that the ratio 
was os 1 to 2J, or, to avoid tho use of fractions, as 2 to 5 ; but, not- 
withstanding the excellence of tho Swedish chemist’s proof, and its 
corroboration by tho researches of others, the simpler and, as it seemed, 
more harmonious view of Dr. Thomson prevailed very generally in 
this country. Anyhow, those phosphates in which the oxygen ratio 
was tho same as that in phosphate of soda were taken as the neutral 
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salts. But phosphate of soda was found to have the peculiar and quite 
inexplicable property of reacting with nitrate of silver to throw down, 
as a yellow precipitate, a phosphate of silver, in which the proportion 
of metallic base exceeded that in the original phosphate of soda, — the 
precipitation of the basic salt being accompanied correlativoly by the 
formation of a strongly acid liquid. According to Berzelius, the ratio 
of the oxygen of the base to that of the acid, in this yellow precipitate, 
was as 3 to 5. 

In 1821, Mitschorlich, then working in Berzelius’s laboratory, 
obtained, by treating ordinary phosphate of soda with aqueous phos- 
phoric acid, a new crystallizable phosphate of soda, in which the 
ratio of acid to base was twice as great as that in the ordinary phos- 
phate. This new salt, which had a strongly acid reaction to test 
paper, he called the bi-phosphate of soda. lie observed that it was a 
hydrated salt ; and that while the ratio, in it, of the oxygen of the base 
to the oxygen of the acid was as 1 to 5, the ratio of the oxygen of the 
base to the oxygen of the water was as 1 to 2. 

In 1827, Mr. Graham’s fellow-townsman, and predecessor at the 
Mechanics’ Institute, Dr. Clark, discovered another new phosphate 
of soda, in which the ratio of the oxygen of the base to the oxygen of 
the acid was identical with that in the ordinary phosphate, namely, as 
2 to 5. But whereas the ordinary phosphate crystallized with 25 
proportions of water, the now phosphate crystallized with only 10 ; 
and whereas the ordinary phosphate gave a yellow precipitate with 
nitrate of silver and a strongly acid supernatant liquid, the new 
phosphate gave a chalk-white precipitate with nitrate of silver and a 
perfectly neutral supernatant liquid. This new phosphate, being 
formed by heating the common phosphate to redness, was accordingly 
designated the pyrophosphate. By dissolution in water and evaixj- 
ration of the liquid, it could bo obtained in the lO-hydrated crystalline 
state ; and by desiccation at a sand-bath heat, the crystalline salt could 
be again rendered anhydrous. With regard to the 25 proportions of 
water belonging to the ordinary salt. Dr. Clark noticed tliat 24 pro- 
portions could be driven off by a sand-bath lieat, and that this moderate 
heat did not alter the nature of the salt. He found that the 25th pro- 
portion of water, however, could only be driven off by a full red heat ; 
and that, simultaneously with its expulsion, the change in tlie nature 
of the salt was effected. But he carefully guarded himself against 
being supposed to think that the change in properties of the salt 
was consequent upon an elimination of its water. The driving off 
of water from salts being, as ho justly remarked, a common effect of 
heat, he regarded this effect as a concomitant only of the peculiar 
effect of heat in altering the nature of the phosphate. 

Other anomalies with regard to phosphoric acid and the phoiphates 
were also known to chemists ; and, on referring now to standafd che- 
mical works written before the year 1833, the wliolc subject of the 
phosphates will bo seen to bo in the greatest confusion. It was in this 
year that Mr. Graham communicated his paper, entitled Researches 
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on the Arseniatcs, Phosphates, and Modifications of Phosphoric Acid,” 
to the Eoyal Society.* 

In the course of these researches ho established the existence of a 
class of soluble sub-phosphates analogous to the yellow insoluble 
phosphate of silver ; and he showed, with great clearness, that in tho 
throe classes of phosphates, namely, the sub-phosphates, the common 
pliosphates, and the bi-phosphates, the ratio borne to tho oxygen of tho 
acid by the other oxygen of the salt is tho same, namely, as 3 to 5 ; 
only that, in the tlireo classes of salts, tho non-acid oxygen is divided 
between different proportions of metallic base and water, thus ; 

Sub-phosphate of soda 3 Na O . P O 5 . 

Coinmou pliospliato of soda . . . . H 0 . 2 Na O . P O 3 . 

Bi-phosphate of soda 2 1£ O . Na 0 . P O 5 . 

lie further pointed out that, to those three series of salts, there 
corrcs])onded a definite phosphate of water, or, 

Hydrated phoapliorie acid 3 11 O . P O 5 . 

Compounds of one and the same anhydrous acid with one and the 
same anhydrous base, in difienuit propeutions, had long been known ; 
but it was tiius that IVlr. Graham first established the notion of poly- 
basic compounds, - tlio notion of a class of hydrattid acids liaving 
more than on(^ proportion of water replaceable by metallic oxide, 
and that successively, so as to furnish more and more basic salts, all 
preserving, as we should now say, the same tyi>e. 

Mr. Graham further showed that Dr. CJaik’s pyrophosphate of 
soda, lik() the common phosphate, yielded an aci(l-salt or bi-phos- 
phatc; and that these two compounds were related to a hydrated 
phosphoric acid, differing in composition and properties from the 
above-mentioned hydratt', and yielding, after neutralization with alkali, 
a white instead of a yellow precipitate with nitrate of silver. This 
series of compounds he expressed by the following formula) : 

Clark’s pv rophospbato of soda . . . . 2 Na O . P O,. 

Acid or bi-pyropliospbatc of soda . . . . HO. Na O . P Oj. 

Hydrated pyropbosphoric acid . . . . 2 H O . P 

Lastly, Mr. Graham showed that when the bi-phosphate or bi- 
pyrophosphate of sotla was ignited, there was left a now variety of 
phosphate, which he called tho metaidiosphato, having the same pro- 
portions of soda anti anhydrous phosphoric acid as tho original com- 
pound, but differing from it in several properties, more i)articularly 
in its inability to furnish any acid salt. From this new phosphate 
he obtained the corresponding hytHated acid, and found it to be iden- 
tical with that variety of phosphoric acid then, and still, known as 
glacial phosphoric acid ; which had previously been noticed to possess 


‘ Pbil. Trans 1833, p 253. 
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tho distinctive property of causing a precipitate in solutions of albumen. 
This salt and acid be represented as follows ; — 


Metaphosphate of soda NaO.POa. 

Metaphosphorio acid H O . P O,. 


Speaking of the acid obtainable from, and by its neutralization 
reconverted into, the phosphate, pyrophosphate, and motaphosphate 
of soda respectively, Mr. Graliam remarked : — “ Tho acid, when sepa- 
rated from tho base, will possess and retain for some time tho cha- 
racters of its peculiar modification But I suspect that tho 

modifications of phosphoric acid, when in what we would call a free 
state, are still in combination with their usual proportion of base, and 
that that base is water. Thus tho three modifications of phosphoric 
evidence may be composed as follows : — 

PJiosphoric acid 3 II O . P O 5 

Pyroplioisphoric acid . . . . 2 H O . P O 5 

Mctapiioaphoric acid . . . . JI O . P O, ; 

or they are respectively a triphosphate, a biphosphato, and phosphate 
of water.” These remarks he followed up by analytical evidence, 
showing tho existence of tho three hydrates, each in its isolated stato. 

Just as in his demonstration of tho relationship to one another 
of sub-phosphate of soda, phosphate of soda, bi-phosphate of soda, 
and common phosphoric acid, Mr. Graham originated tho notion of 
polybasic compounds, so, in his demonstration of the nature of tho 
pyrophosphates and metaphosphates, as bodies differing from tho 
normal compounds by an abstraction of water or metallic base, did 
ho originate the notion of anhydro-compounds — so did ke discover, 
for the first time, an instance of that relationship between bodies 
which is now known to prevail most extensively among products of 
organic as well as of i^cral origin. 

The different properties manifested by phosphoric acid, in its 
different reputedly isomeric states, having been shown by Mr. Graham 
to bo dependent on a difference of hydration, that is to say on a 
difference of chemical composition, ho was inclined to view tho differ- 
ence of properties observed in the case of other reputedly isomeric 
bodies as being also dependent on a difference of composition, tho 
difference occasionally consisting in the presence of some minute disre- 
garded impurity. Accordingly, ho communicated to the Royal Society 
of Edinburgh iu 1834,* a paper “ On Phosphuretted Hydrogen,” in 
which ho showed that tho spontaneously inflammable and non-spon- 
taneously inflammable varieties of the gas “ are not isomeric bodies, but 
that tho peculiarities of tho spontaneously inflammable species depend 
upon tho presence of adventitious matter,” removable in various ways, 


* ‘ Edin. Roy. Soc. Trans,’ xiii. 1836, p 88. 
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and existing but in very minute proportion.* * * § He further showed that 
the vapour of some acid of nitrogen, apparently “nitrous acid, is 
capable of rendering phosphuretted hydrogen spontaneously inflam- 
mable when present to the extent of one ten-thousandth part of the 
volume of the gas.” In connection with this research, may be men- 
tioned Mr. Graham’s earlier experiments on the influence of minute 
impurities in modifying the chemical behaviour of different substances. 
In some “ Observations on the Oxidation of Phosphorus,” published in 
the ‘Quarterly Journal of Science,* f for 1829, he showed that the 
presence of 4 of olefiant gas, and even by volume, of turpen- 
tine vapour, in air under ordinary pressure, rendered it incapable of 
effecting the slow oxidation of phosphorus. lie also observed and 
recorded the influence upon the oxidation of pljosphorus of various 
additions of gas and vapour to air, under different circumstances of 
])ressuro and temperature. 

II. 

Hydration of Compounds , — In the earliest of Mr. Graliam’s pub- 
lished memoirs, tliat “ On the Absorption of Gases by Liquids,” J he 
contended that the dissolution of gases in water, at any rate of the 
more solubh* is a chemical phenomenon, depending on their 

essential property of liquofiability being brought into play by their 
reaction with the solvent, that is to say by their hydration. The 
results of some fimther work on the same subject he published under 
tlie tithi of “ Experiments on the Absorption of Vapours by Liquids.” § 
In 1827, he gave to the Iloyal Society of Edinburgh “ An Account 
of tht) Formation of Alcoholatcs, definite Compounds of Salts and Alco- 
hol analogous to the Hydrates.” || In this paper, after a description of 
some experiments on the desiccation of alcoliol, he showed that anhy- 
drous chloride of calcium, nitrate of lime, nitrate of magnesia, chloride 
of zinc, and chloride of manganese have tlio property of uniting with 
alcohol, as with water, to form definite compounds. The crystalline 
compound with chloride of zinc, for instance, containing 15 per cent, 
of alcohol, ho represented by the formula ZnCl. 2 C^H^O ; correspond- 
ing to tho modern formula ZnCl*. 2C*HoO. 

In 1835, Mr. Graham communicated a paper, also to tho Royal 
Society of Edinburgh, “ On Water as a Constituent of Salts.”1i In 
this paper ho showed more particularly that the so-called magnesian 
sulphates, crystallizing usually with 7, 6 , or 5 proportions of water, 
gave up all but tho last proportion of water at a moderate heat, but 
retained this last proportion with great tenacity. The comparatively 
stable mono-hydrated salts, — monohydrated sulphate of zinc, for 

* It was afterwards isolated by P. Thenard. 

t ‘Quart. Joum. Soi.,’ ii., 1829, p. 83. 

X Thomson, ‘ Ann. Phil.,’ xii., 1826, p. 69. 

§ ‘ Ediii. Journ. Sci viii., 1828, p 326. 
l| ‘Kdiii. Roy. So(\ Tmns.,’ xi , 1837, p. 175. 

1 Ibid., xiii., 1836, p. 297. 
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instance, ZnO-SOg-HO, — ho regarded as the analogues of crystal- 
lizahle sulphuric acid HO.SOj.HO. He showed further that the 
firmly-retained water of sulphate of zinc, for instance, differed from 
the firmly-retained water of phosphate of soda, in not being basic, 
or replaceable, that is to say, by metallic oxide. Ho conceived, how- 
ever, that in the double sulphates, potassio-sulphate of zinc, for in- 
stance, ZnO.SOs, KO.SO 3 , the water of the compound, ZnO.SOj.HO, 
was replaced by alkali-sulphate, and ho accordingly designated the 
water of this last, and of similar compounds, by the name of saline 
or constitutional water. 

In the following year, 1836, Mr. Graham communicated to the 
Royal Society of London an elaborate) paper, entitled “ Inquiric's re- 
specting the Constitution of Salts, of Oxalates, Nitrates, Phosphates, 
Sulphates, and Chlorides.’’ * In it are recorded careful analyses of very 
many salts, more particularly in respect to their water of hydration ; 
with remarks upon the greater or less tenacity with which the water 
is retained in different instances. In this paper he put forward the 
notion that truly basic salts are nevertheless neutral in constitution ; 
and that tlie excess of metallic base does not stand in the relation of a 
base to the anhydrous acid, but as a representative of the water of 
hydi-ation of tlio neutral salt. He illustrated this position by a com- 
parison of the definite hydrate of nitric acid with other hydrated 


niti’ates, thus : 

Hydrated nitric acid, sp. gr. 1 * 42 . . . HO . NOj . 3 HO 

Hydrated nitrate of zinc ZnO . NOj . 3 110 

Hydrated nitrate of copfjer OuO.NO5.3HO 

Basic nitrate of copper IIO.NO 5.3 CuO 


He contended that, in the last cupric salt, it is the water and not the 
oxide of copper which ^cts as a base ; and, in support of this vi(*w, ho 
remarked that if the water of the salt were water of liydration simply, 
it ought,- in presence of so large an excess of metallic base, to bo 
very readily expelled by heat ; whereas it is actually incxjuilsable by 
any heat whatever, short of that effecting an entire decomposition of 
the salt. Again, he pointed out that when the strongest nitric acid 
HO.NO 5 , is added, in no matter what excess, to oxide of coj) 2 )('r, the 
liasic salt is alone produced, ajjparently by a direct addition of the 
oxide of copper to the nitrate of water. 

In 1841, Mr. Graham gave to the Chemical Society “ An Account 
of Experiments on the Heat disengaged in Combination.” j These 
experiments included numerous determinations of the heat evolved 
in the hydration of salts, and more particularly of the sulphates, 
including sulphate of water, or hydrated sulphuric acid. I^arting 
from oil of vitriol HO.SO,, ho found that each successive addition of 
a proportion of witer HO, evolved an additional, but successively 


* ‘Phil. Traiib.,’ 1837, p. 47. 
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smaller and smaller increment of heat; and that, even after the 
addition of fifty proportions of water to the acid, the further addition 
of water was yet followed by a perceptible development of heat. 

The relation of ether to alcohol being regarded as that of an oxide 
to its hydrate, and expressed by the formulR3 C 4 n 50 ,*and C 4 HJO.HO, 
the conversion of alcohol into ether became a matter of dehydration ; 
and, accordingly, could not escape the examination of Mr. Graham, 
who, in 1850, presented to the Chemical Society some “ Observations 
on Etherification.” * The process of manufacture consisting in tho 
distillation of a mixture of alcohol with sulphuric acid, and being 
attended by an intermediate production of sulphate of other or 
sulphethylic acid, the substitution of ether for the basic water of 
sulphuric acid at one temperature, and tho reverse substitution 
of water for the basic ether of sulphethylic acid at a higher tempera- 
ture, had been represented as depending on tho augmented elasticity 
of the ether vapour at tho higher temperature. Mr. Graham showed, 
however, that ether could be very readily formed by heating the mix- 
ture of sulphuric acid and alcohol in scaled tubes — that is, under con- 
ditions in which tho augmentation of volatility due to heat was pari 
passu counterbalanced by tho diminution of volatility due to pressure. 
Altogcthoi, Ml. Graliam supported the contact theory of ether forma- 
tion, as opposed to tho then received reaction theory , but several of 
his experiments afforded clear, though indeed supererogatory, support 
to the reaction theory soon afterwards introduced by Williamson. 

In addition to the memoirs cited above, tho question of hydra- 
tion fonued an express or incidental subject of many other of Mr. 
Graham’s investigations. It is notew'orthy that, for him, osmosis 
became a mechanical effect of the hydration of the septum ; that tho 
interest attacliing to liquid-transpiration was tho alteration in rate 
of passage consequent on an altered hydration of tho liquid ; that the 
dialytic difference between crystalloids and colloids depended on the 
dehydration of the dialytic membrane by the former class of bodies 
only ; and similarly in many other instances, 

m. 

Movements of Liquids under Pressure. Transpiration. -That the 
velocities with which different liquids, under the same pressure, issue 
from a hole in the side or bottom of a vessel should be inversely 
os the square roots of their respective specific gravities is a propo- 
sition deducible from well-known mechanical principles. As demon- 
strated, however, by Dr. PoiscuiUe, this law is not applicable to tho 
case of liquids issuing under pressure through capillary tubes. In 
addition to determining experimentally the laws of tho passage of the 
same liquid — that tho velocity is directly as the pressure, inversely 
as the length of the capillary, and directly as the fourth power of 
the diameter ; and that it is accelerated by elevation of temperature — 

* ‘ Chem Soc Journ ,* in., p. 24. 
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Dr. Poisetdlle farther showed that the rate of passage of different 
liquids through capillary tubes is for the most part a special property 
of the particular liquids ; and that while the rate of passage of water, 
for instance, is scarcely affected by the presence of certain salts in 
solution, it is materially accelerated by the presence of chlorides and 
nitrates of potassium and ammonium, and materially retarded by the 
presence of alkalies, lie also showed that while the rate of passage 
of absolute alcohol is much below that of water, the rate of passage of 
alcohol diluted with water in such proportion as to form the hydrate, 
Ht,Ci0.3Aq, is not only much below that of alcohol, but also below 
that of any other mixture of alcohol and water. 

Some time after Dr. Poiseuille’s death, Mr. Graham, starting from 
this last obsciwation, took up the inquiry. Giving to the phenomenon 
itself the name of “ transpiration,” which ho had previously applied to 
the similar passage of gases through capillary tubes, he communicated 
his results to the Royal Society in a paper “ On Liquid Transpiration 
in relation to Chemical Composition.”* The method he followed in his 
experiments was precisely that of Dr. Poiscuille, and the principal 
results at which he arrived are the following : — 

1. That dilution with water does not effect n pari passu alteration 
in the transpiration velocity of certain liquids ; but that dilution up to 
a certain point, corresponding to the formation of a definite hydnite, not 
unfrequently retards the transpiration velocity (or increases the trans- 
piration time) to a maximum, from which the retardation gradually 
diminishes mth further dilution. This is well seen in the following 
Table, giving the transpiration times of certain liquids in their undi- 
luted state, and also the maximum transpiration times observed with 
the same liquids when diluted with a regularly increasing quantity of 
water, the particular dilution causing the maximum retardation corre- 
sponding in every case to the production of a definite hydrate. 




Tran&piration Tunes. 


Water .. 


I 000 

1-000 

X Aq. 

Sulphuric acid 

. .. 

21-651 

23-771 

ir,so, . Aq. 

Nitric acid . . 

. IINOj .. 

•990 

2-103 

2 HNO 3.3 Aq. 

Acetic acid . . 

.. H,OA •• 

1-280 

2-701 

.2 Aq. 

Alcohol 

.. H,C,0 .. 

1-195 

2-787 

H„C,0.3 Aq. 

Wood-spirit . . 

. H,CO .. 

•630 

1-802 

H,0 0.3 Aq. 

Acetone 

.. H,C ,0 .. 

•401 

1-604 

H|,C 30 .C Aq. 


2. That the transpiration times of homologous liquids increase 
regularly with the xjomplexity of tho several molecules constituting 
terms of the same series — certain first terms of the different series, 


* ‘Phil. Trans./ 1861, p. 37:i 
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however, presenting some anomalies, as was indeed to be expected. 
The transpiration times of the fatty ethers are given below in illustra- 
tion. Similar results were obtained with the scries of fatty acids and 
their corresponding alcohols. 



Water 

.. H, 0 

Trauspiratlon Times. 

1-000 


Formic 

. H,CA - 

•511 


Acetic 

.. 11,0.0, .. 

•553 

Etliers .. .. 1 

Butyric 

.. u.AO, .. 

■750 


Valeric 


•827 


In this paper, Mr. Graham also recorded the results of two very 
full scries of determinations of the triiuspiration rates of water at 
different temperatures between O'’ and TO''; and of two similar scries 
of cxi)eriments made with alcohol. The transpiration velocity of water 
was found to increase uniformly from 0 * 559 at 0 ’ to 1 * 000 at 20^^, and 
thence to 2 oou at 70^ ; and correlativcly the transpiration times were 
found to decrease in the same proj)ortion. The results obtained with 
alcohol were precisely similar. 


IV. 

Diffusion of Liquids, — Mr. Graham’s early study of the spontaneous 
movements of gases, so as to mix with one another, naturally led him 
to investigate tlic similarly occurring movements of liquids. His 
results formed the subject of two papers communicated to the Royal 
Society, one in 1849 “ On the Diffusion of Liquids,”* and the other in 
1861 “On Liquid Diffusion applied to Analysis.” t In the series of 
experiments, described in the first of these papers and in two supple- 
mentary commimications, an open wide-mouthed vial, filled with a 
solution of some salt or other substance, was placed in a jar of water ; 
when, in course of time, a portion of the dissolved salt, described as 
the diffusate, passed gradually from the vial into the external water. 
By exjHiriinenting in this manner, the amounts of diffusate yielded 
by different substances were found to vary greatly. Thus, under 
precisely the same conditions, common salt yielded twice as large a 
diffusate as Epsom salt, and this latter twice as large a diffusate as gum- 
arabic. Every substance examined was in this way foimd to have its 
own rate of diffusibility in the same liquid medium — the rate varying 
with the nature of the medium — whether water or alcohol, for instance. 
It is noticeable that the method of vial-diffusion resorted to in these 
experiments, is exactly similar to that employed by Mr. Graham in 

• ‘Phil. Trans./ 1850, pp. 1, 805; 1851, p. 483. 
t Ibid., 1861, p. 183. 
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his earliest experiments on the diffusion of gases, published in the 
‘ Quarterly Journal of Science* for 1829. 

In the series of experiments recorded in the paper “On Liquid 
Diffusion applied to Analysis,** the solution of the salt to be diffused, 
instead of being placed in a vial, was conveyed by means of a pipetto 
to the bottom of a jar of water ; when, in course of time, tho dissolved 
salt gradually rose from tho bottom, through tho 8ui)erincumbont 
water, to a height or extent proportional to its diffusibility. The 
results of this method of jar-diffusion were found to bear out gene- 
rally those attained by tho method of vial-diffusion ; while they 
further showed tho absolute rate or velocity of tho diffusive movement. 
Thus, during a fourteen days’ aqueous (fiffusion from ten per cent, 
solutions of gum-arabic, Epsom salt, and common salt respectively, 
the gum-arabic rose only through ^^^ths of tho superincumbent water, 
or to a height of 55*6 millimetres; the Epsom salt rose through the 
wholo superincumbent water, or to a height of 111 milli- 

metres ; and the common salt not only rose to tho top, but would have 
risen much higher, seeing that the uppermost or fourteenth stratum 
of water, into which it had diffused, contained about fifteen times as 
much salt as was contained in tho uppermost or fourteenth stratum of 
water into which the Epsom salt had diffused. 

But of all the results obtained, tho most interesting, from their 
bearing on various natural phenomena, were those on tlio 2 >ai'tial 
separation of different compounds from one another, brought about 
by their unequal diffusibility. Thus, u ith a solution of equal weights 
of common salt and gum-arabic placed in tho diffusion-vial, for every 
100 milligrammes of salt not more than 22*5 milligrammos of gum 
were found to pass into the external water , or a separatiou^f the salt 
from the gum, to this largo extent, took place spontaneously by tho 
excess of its own proper diffusive movement. Again, when a solution, 
containing five per cenf. of common salt and five per cent, of GlaulxT’s 
salt, was. submitted for seven days to the process of jar-diffusion, the 
upper half, or i^ths, of superincumlKjnt uah'r was found to contain 
380 milligrammes of common salt and only 53 grammes of Glaiibei’s 
salt ; or the ratio of common salt to Glauber’s salt in tho U 2 )per half 
of tho liquid was as 100 to 14, the ratio in the original stiatum of 
solution being as 100 to 100. And not only a 2 )ai'tial sepai-ation 
of mixed salts, but even a partial docoia 2 K)sition of chemical com- 
pounds was found to result from tho process of liquid diffusion. Tlius 
the double snljihate of 2 >otafesium and hydrogen, when submitted to 
diffusion, underwent 2 >artial decomjwsition into tho more diffusible 
sulphate of hydrogen and the less diffusible sulphate of 2 )otaabium ; 
and, similarly, ordinary alum, a double sulphate of aluminum a)Kl 
potassium, underwent partial decomposition into tho more diffhsiblo 
8 ul 2 jhate of potassium, and tho less diffusible suljdiate of aluntinum. 
Strictly speaking, perhaps, tho dccom 2 )osition of the original salts was 
not caused by, but only made evident by, tho difference in diffusibility 
of the products. 



LIBRARY OF SCIENCE 


215 


As a general result of bis experiments, Mr. Graham inferred that 
liquid diffusihility is not associated in any definite way with chemical 
composition or molecular weight. Thus ho found the complex organic 
bodies picric acid and sugar to have much the same diffusive rates as 
common salt and Epsom salt respectively. Isomorphous cx)mpounds, 
however, proved for tlio most part to be eciui-diffusivo ; although the 
groups of cqui-diffiibivo substances habitually comprehended other than 
those which were isomorphous. 

Observing furtlier that, in many cases, the diffusion-rates of different 
oqui-diffusivo groups stood to one another in some simple numerical 
relation, Mr. Gmham remarked that, “ In liquid diffusion we no 
longer deal with chemical equivalents or the Daltonian atoms ; but 
with masses ev(‘n more simply related to each other by weight.** Wo 
may suppose that the chemical atoms “ group together in such numbers 
as to form new and larger molecules of equal weights for different 
substances, or of weights which appear to have a simple rela- 

tion to each other ;*’ and he infernal that the relative weights of these 
new molecules would be inversely as the square roots of the observed 
diffusion rates of the substances — that is inversely as the squares of 
their diffusion times. Thus the squares of the times of equal diffusion 
of hydrate, iiifratc, and sulidiate (ff potassium being 3, 6, and 12, the 
densities of their diffusion molecules would bo as the reciprocals of 
these numbers, or as 1, 2, and 1. 

Lastly, in comparing highly diffusive substances on the one hand, 
with feebly diffusive substances on the other, one broad dissimilarity 
became apparent, namely, that highly diffusible substances affected the 
crystalline state, whih' feebly diffusive substances w^ere amorphous, 
and characterized, in particular, by a capability of forming gelatinous 
hydrates. TTenco the distinction established by Mr. Graham between 
highly diffusive bodies, or crysiaJlouh^ and feebly diffusive bodies, or 
colloids. Compounds capable <»f existing both in the crystalline and 
gelatinous states he found to bo pjssessed of two distinct diffusive 
rates corresponding respectively each to each. 

V. 

Dialysis and Osmose . — The subject of dialysis was included in the 
paper “ On Liquid Diffusion applied to Analysis,*' referred to in the 
preceding sc'ction; and some further results w^crc communicated, in 
180 1, to the Cliemical Society, in a paper “ On the Properties of Silicic 
Acid, and other analogous Colloidal Substances.** * 

In the course of his experiments on diffusion, Mr. Graham made 
the curious discovcTy that highly diffusible crystalloid bodies were 
able to diffuse readily, not only into free water, but also into water 
that was already in a low form of combination, os in the substance of 
a soft solid, such as jelly or membrane. Commtm salt, for instance, was 
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found to diffuse into a somi-solid mass of jelly, almost as easily and as 
extensively as into a similar bulk of free water ; but the introduction of 
a gelatinous substance, though not interfering in any appreciable degree 
with the diffusion of a crystalloid, was found to arrest almost entirely 
the diffusion of a colloid. The colloid, of but little tendency to diffuse 
into free water, proved quite incapable of diffusing into water that was 
already in a state of combination, however feeble. Hence, although 
the partial separation of a highly diffusible from a feebly diffusible 
substance might be effected by the process of free diffusion into water, 
a much better result wi\s obtained by allowing the diffusion to take 
place into, or through, the combined water of a soft solid such as a 
piece of membrane or parchment-paper. In the process of dialysis, then, 
crystalloid and colloid bodies, existing in solution together, are sepa- 
rated from one another by pouring tho mixed solution into a sliallow 
tray of membrane or parchment-paper, and letting the tray rest on 
the surface of a considerable excess of water, once or twice renewed. 
By this means the crystalloid, in process of time, diffuses completely 
away through the mcinbi*anous septum into the free water; but the 
colloid, being quite incapable of permeating tho mombmne, however 
thin, is retained completely on the tray, unable to reach tho free water 
on tho other side. 

By moans of tho process of dialysis, Mr. Graham succeeded in 
obtaining various colloid organic substances, such as tannin, albumen, 
giun, caramel, &c., in a very pure state; some of them, indeed, in 
a state of purity exceeding any in which they had before been met 
with. But the most curious results were obtained with different 
mineral substances, usually throwm down from their dissolved salts 
in tho state of gelatinous or colloid precipitates. Most of tliese ju’cci- 
pitates being soluble in some or other crystalloid liquid, on submitting 
the so-produced solutions to dialysis, the crystalloid constituents dif- 
fuse aw’ay, leaving the colloid substances in pure aqueous st)lution. 
By prtxjeeding in this manner, Mr. Graham was able to obtain certain 
hydrated forms of silica, ferric oxide, alumina, chrome, prussian blue, 
stannic acid, titanic acid, tungstic acid, molybdic acid, tfec., e^c., in 
the state of aqueous solution, — those bodies having never before been 
obtained in solution, save in presence of strongly acid or alkaline com- 
pounds serving to dissolve them. Altogether, the production of these 
colloid solutions of substances, such as silica and alumina — in their 
crystalline state, as quartz and corundum, completely insoluble — throw 
an entirely new light upon the conditions of aqueous solution. 

The colloidal solutions, obtained as above, of substances usually 
crystalline, were found to bo exceedingly unstable. Either sponta- 
neously, or on the addition of some or other crystalloid reagept, even 
in very minute quantify, they pectizod or became converted iiito solid 
jellies. Hence Mr. Graham was led to speak of two colloidal states ; 
tho peptous, or dissolved, and the pectous, or gelatinized. In addition 
to their power of gelatinizing, their mutability, their non-crystalline 
habit, and their low diffiisibility, substances in tho colloid state were 
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found to bo further characterized by their chemical inertness and by 
their high combining weights. Thus the saturating power of colloid 
silica was only about r^V.th of that of the ordinary acid. 

In his Bui)i)lementary paper ci>inmunicatcd to the Chemical Society, 
Mr. Graham showed how the pectous forms of different mineral col- 
loids could, in many cases, bo reconverted into their peptous forms. 
He further showed how the water of different peptous and pectous 
colloids could be mechanically displaced by otlier liquids, as alcohol, 
glycerine, sulphuric acid, t^c. To the different classes of compounds, 
so formed, he gave distinctive names. Thus, the alcoholic soluti^m 
and jelly, of silicic acid for instance, ho designated as the alcosol and 
alcogel respectively. 

Closely associated with the passage of different liquids through 
membranes is the action, known as endosmose, discovered by Dutro- 
chet. Mr. Graham’s princii)al results on this su))jcct are recorded in 
a very (‘lab<uato paper “ On Osmotic Forcf^,” communicated to the 
Royal Society in 1H54 ; * but a few furtlior results, and a htatemeiit of 
his ilnal views, arc* contained in the paper, referred to immediately 
above, “ On Licpiid Diffusion applit^d to Analysis.” When the solution 
of a saline *'r «^*li''r conn)ound is separated from an adjacent mass of 
water by a membranous septum, a greater or less quantity of the u ater 
very commonly passes through the septum into the solution ; and if 
the solution be contained in a vessel of suitable const ruction, having a 
broad membranous base and a narrow upright stem, the w’atcr, in some 
cases, flows into the vessel through the membrane, with a force suffi- 
cient to raise and sustain a colimin of 20 inches or more of liquid in 
the stem. The problem is to account for this flow ; which, with acid 
fluids more particularly, takes place in the reverse direction — i. e, from 
the solution into the water. 

Tn the course of his experiments, Mr. Graham examined the 
osmotic niovemeiit produced with liquids of most diverse character; 
employing osmometers of animal membrane, albuminatcd calico, and 
baked earthenware. His results w'cre, moreover, observed and re- 
corded in very gi'cat detail. As an illustration of these results, it 
may be mentioned that with 1 jier cent, solutions in the membranous 
osiiiometi'r, the liquid rose in the stem 2 millimetres in the case of 
common salt, 20 millimetres with chloride of lalcium, 88 millinutres 
with chloride of nickel, 121 millimetres with chloride of mercury, 
289 millimetres wdth proto-chloride of tin, 351 millimetres w'ith chlo- 
ride of copper, and 540 millimetres with chloride of aluminum. Mr. 
Graham showed, further, in opposition to the views of Dutrocliet, 
that the velocity of tho osmotic flow w’as not proportional to tho 
quantity of salt or other substance originally contained in the solu- 
tion ; and that the flow did not dcpen<l on capillarity, as Dutrochet 
had inferred ; or yet on diffusion, as some of his owm experiments 
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might be thought to indicate. Eventually he was led to the con- 
clusion that osmose was essentially dci)ondent on a chemical action 
taking place between one or other cf the separated liquids and the 
material of the septum. He appears to have held somewhat difl’oreut 
views of the nature of this ch(iniical action at dilferent times; and 
not to have considered it as Ixjing in all eases of the same character. 

The following extracts, expressing his latest views on the subject, 
are taken from the conelusion of his paper, “ On Liquid Diffusion 
applied to Analysis.” 

“It now appears to me that the water movement in osmose is an 
affair of hydrati<»n and of de-hydratioii in tlie substance of the mem- 
brane, or other colloid septum, and that the diffusion of tlie saline solu- 
tion placed within the osmometer hns little or nothing to do with the 
osmotic result otherwise than as it afleets the state of liydration of the 
septum Placed in pure water, such colloids (as animal mem- 

brane) arc hydrated to a higher degree than they are in neutral saline 
Solutions. TIcnco the equilibrium of hydration is diffbrent on the two 
sides of the membrane of an osmometer. The outer surface of the 
nK'nibrane being in contact with pure water, tends to hydrate itself in 
a higher degree than the inner surface does, the lathu* STirfaee b(‘ing 
supposed to bo in contact with a saline solution. Wlum tlu^ full hydra- 
tion of the outer surface extends through the thickness of the mem- 
brane, and reaches the inner surface, it there receives a check. The 
degree of hydration is loNvered, and wat<‘r must be given up by the 

inner layer of the membrane, and it forms the osin(>se Far 

from promoting this separation of water, the diffusion of the salt 
throughout the substance of the membrane appears to impede osmose 
by equalizing the condition as to saline matter of thq, membrane 
through its whole thickness. The advantage which colloidal solu- 
tions have in inducing osmose, appears to depcuid in part upon the low 
diftusibility of such solutions, and their w^ant of power to penetrate 
the colloidal septum.” 

VI. 

Movnnmfs (tf Gases under Pressure, Effusion and Trmisjdration . — 
The mechanical law of the passage of diff[*rent gases under tin* same 
pressure through a men', perforation, as of the j)assag(i of different 
liquiiLs, being tliat the velocities are inversely as the square roots of 
the specific gravities, Mr. Graham subjected this law to an experimental 
verification, and made knf)W'n liis results in a paj>er communicated to the 
Koyal Society in 184G. The mode of experimenting was as follows : — A 
jar btaiidiiig on the plate of an air-pump was ke pt vacuous by continued 
exhaustion, and a measured quantity of gas allowed to find its way into 
the jar through a minute aperture in a thin metallic plate. The admis- 
sion of 60 cubic inches of dry air into the vacuous, or nearly Tacuous 
jar, being arranged to take place in about 1000 seconds, the times of 
passage of the same volume of air were found not to vary from each 
otlier by more than two or three seconds in successive experiments. 
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Operating with different gases, the relative times of passage, or of 
“ effusion,” as it was dcnomimited by Mr. Graliam, prove<l to be ap- 
proximatively identieal with the square roots of the specific gravities 
of the several gases ; or, in other words, tlieir velocities of effusion 
were showui exjK'rimentally to bo inv(*rsely as the s(£uaro roots of 
their specifie gravities. The rate of effusion of a mixed gas corre- 
sponded in most cases with the calculated mean rate of its constituents ; 
but the I'ates of effusion of the light gases, marsh gas and liydrogeii, 
were very disproportionately rotardcnl by the admixture with them, 
even to a small extent, of the heavier gasc^, oxygen and nitrogen. 

Passing from the study of the effusion of gases tli rough a perforated 
plate, INIr. Crahaiii next submitted tlieir “ trans]>iratioii ” through a 
capillary tube to a similarly conducted (experimental inquiry. Ilis 
results were communicated to the Royal Society in two very elaborate 
papi^rs, “ On the Motion of Gasi's,” Parts I. and II.,* the first part con- 
taining also his above-described results on the eftiision of gases. With 
a very short capillary, the relative rates of passage of diffi'ront gases 
w'ere found to approximate to tlieir relative rates of effusion ; but with 
every elongation of the cajiillary, a constantly-increasing deviation from 
these rates was observed— the increase of the deviation, how^ever, 
b(‘coming less and h'ss considerable with each successive increment 
of elongation, until, \\h<‘n the tube had accpiirtd a certain length in 
proporHon to its diaiiu‘ter, a maximum deviation of the rdativo rates 
of i)assage of the differ('iit gases from their relative rates of cttiision 
w^as arrived at. l^hese ultimate rati'S of passage, unaffected in relation 
to each other by further elongation of the capillary, constitute the 
true transpiration velocities of llu* different gases, as distinguished 
from their velocities of effusion. Of all the gase s expeuimented on, 
oxygen was found to have the' longest transpiration time, or slowest 
tran.spiration velocity. In tlie following Table its time of transpiration 
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is taken as unity, and the times of a few other gases compared there- 
with. In other columns are given the specific gravities of the same 
gases, referred to the Bi>ecific gravity of air as unity ; and the square 
roots of their specific gravities, which also express their relative times 
of effusion. 


* ‘ Phil. Trans.,’ 1816, p. 573; 1819, p. 349. 




220 


LIBRARY OF SCIENCE 


That gas transpiration has no direct relation to gas specific gravity 
is shown by the transinration times of oxygen and nitrogen exceeding 
the transpiration times both of the much lighter hydrogen and 
marsh gas, and of the much heavier carbonic gas. Again, amiiKmia, 
olefiant gas, and cyanogen, with the different specific gravities v^OO, 
•978, and 180G respectively, have the almost identical transpiration 
times *511, *505, and *506 ; or, approximatively, half the transpiration 
time of oxygon, 1*000. Nevertheless the transpiration times of oxygen 
and nitrogen are directly as tlicir specific gravities ; and fiirtlier, the 
specific gravities of nitrogen, carbonic oxide, and nitric oxide being 
*971, *968, and 1*039, their transpiration times ani *877, *871, and 
*87<> respectively. But then olefiant gas, witli tin* same specific gravity 
*978, has the much shorter transpiration time *505 ; and similarly in 
other oases. Altogether the discordance between trail sjnratioii and 
specific giiwity is of greatcjr frequency than the accordance ; hnt still 
the circumstance of gases having the sam(‘, or about the same, specific 
gravity, having also the same, or about the same, rate of transpiration, 
is of too frecpiont occurrence to bo mcrtdy accidental. 

As a mb', the observed transpiration rate of a mixture of gases 
corresponded with the calculated mean rate of its constituents ; but 
the transpiration rates of the light gasc's, hydrogen and marsli gas, wTre 
foimd to bo disprop(»rtionatcly retarded to a greater extent even tlian 
their effusion raU'S by the admixtuni with them of Inavier gases. 
Further, by employing mixtures of gas and vapour, Mr. (Iraliam ex- 
tended bis inquiry so as to include a determination of the transpiration 
times of several vapours ; the results being calculated on the assump- 
tion that the observed transpiration time of the mixture was the 
mean of the transpiration times of the permanent gas and of the 
coercible vapour experimented on. In this way tlic transpiration time 
of ether vapour, sp. gr. 2*586, was shown to be identical with tliat of 
hydrogen gas, sp. gr. 0*069 ; and tlie transpiration time ()f carbonic 
sulphide vapour, si), gr. 2*645, identical witli that of sulphundted 
hydrogen gas, s]). gr. 1*191. 

With respect to gas transpiration in general, tlie rates of transpira- 
tion of different gases w^ere found to he indepemhuit of the nature of 
the material of the capillary ; apparently from the capillary, of what 
material soever, becoming lined with a film of gas, with wliieh alone 
the current of gas could come in contact ; so that the friction was 
purely intestine, and suggestive of a sort of viscosity in tlie gas 
itself. The rate of passage was furtlier shown to be inversely as the 
length of the capillary ; and directly, in some higli hut undetoriniiicd 
ratio, as its diameter. Lastly, the rate of “ effusion of a givi ii volume 
of any particular gas being independent of pressure and tenquiraturo, 
the rate of transpiration of a given volume of any particular gas was 
observed to vary directly with its variation of density, whctaier the 
result of alteration of pressure or of temiicrature ; 100 cubic inches of 
dense air, for example, transpiring more rapidly than 100 cubic inches 
of tenuous air, in proportion to the excess of density. 
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Speaking of tho importance and fiindamontal nature of the physical 
properties manifested by bodies in tho gaseous state, and of the extent 
of his own inquiries on gas-trans 2 )iration, Mr. Graham observed, — “ It 
was under this im 2 )rcssion tliat I devoted an amount of time and at- 
tention to that class of constants (transpiration-velocities) whicli might 
otherwise appear dis})roportioiiate to their value and the importance 
of the subject. As tJie results, too, wore entirely novel, and wholly 
unprovided for in the received view of the gaseous constitution, of 
which indeed they 2 >rove the incoinpleten(‘ss, it was the more necessary 
to verify each fact with the greatest care.’' 

VIT. 

Dijfmhm of Gases , — In 1801, Dalton, in an essay “On the Consti- 
tution of mixed Gases, and particularly of the Atmosphere,” 2 )ropounded 
tho now celebrated view that “where two elastic Iluids denoted by 
A and B ar(i mixed together, there is no mutual repulsion amongst 
tlieir ])articles ; that is, the i)articl(‘S of A do not repel those of B, as 
tlicy do one another ; consoqmuitly the prt'ssure or wdiole weight upon 
any one particle arises solely from those of its own kind.” During 
tho act of admixture, “the ])articl('s of A meeting uith no re^uilsion 
from tliosc of B . . . . would instantaneously recede from (‘ach other 
ail far ns ])Ossible under the circumstanc(‘s, and eouseqiu'ntly arrange 
tlieins(‘lves just as in a void siiacc.” At the bc'giiining of 1803, in a 
Rupi)lenientary jiaper “ On the tendency of Elastic Fluids to Diffusion 
through each other,” he made known tlie remarkable action of intor- 
mixtiiro wdiich takes place, even in o 2 > 2 )ositioii to the intluencc of gravity, 
when any tw^o gases are allow'('d to commuiii(‘ate with each other. 
Thus, in a particular exptTiment, ho showed that when a vial of 
hydrogen is connected with a vial of carbonic gas by means of a 
narrow^ lueco of tulung, so that tho vial of light liydrogen may be 
inverted over the other vial of h('avy carlionic gas, the heavy carbonic 
gas actually ascends tlirough the light hydrogen, and the light hydio- 
gen descends through tin* heavy carbonic gas until the uniform admix- 
ture of tho tw^o gases with each other is etfected. Tlie subje(‘t was 
afterwards investigated by Ik'rthelot, who, in a scries of exjXTiments 
perfonned with great care, while o]>i)osing Dalton’s theoretical conclu- 
sions, corroborated his results ; and indicated further tho high diffu- 
siveness of hydrogen. Hero it was that Mr. Graham took up tho 
inquiiy. Tho first of his papiTS relating directly to tho subject of 
gas-diffusion aiqieared in the ‘ Quarterly Journal of Science ’ for 18*20, 
under the title, “A short Account of Ex])erimeutal Bcsearclns on 
the Diffusion of Gases through each other, and thi*ir Separation by 
Mechanical Means.” * Tho mode of jn*occcHling adojitcd in these re- 
searches was us follow s : Each gas experimented on was allowed to 
diffuse from a horizontally jdaced bottle tlirough a narrow tube, 


‘Quart. Joum. Soi.,’ ii., 1829, p. 83. 
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directed either upwards or downwards according as the gas was 
heavier or lighter than air, so that tho diflusiou always had to take 
place in opposition to tho influence of gravity. Tho result was that 
C(pial volumes of diflbrent gases escaped in very unequal times, the 
rapidity of the escape having an inverse relation to tho speciflo 
gravity of the gas. Tlius hydrogen was found to es(;a|)c four or five 
times more quickly than tho twenty-two times heavier carbonic gas. 
Agj^in, with a mixture of two gases, tho lightest or most diflusible 
ol the two was found to leave tho bottle in largest 2 m)portion, so that 
a sort of mechanical separation of gases could be efl'ceted by mc'ans of 
their unequal diffnsibility. Most of these last results were obtained 
by allowing tho gaseous mixture to dilTiise into a limited almospliero of 
some other gas or vapour, capable of subsequent removal by absorption 
or condensation. 

But these methods of operating, by free or adiaphragmatic difiPiision, 
were soon abandoned by Mr. Craliam for the more practicable method 
of diflusiou tlu-ough porcuis septa. Once again, howcvrfr, many years 
afterwards, in a paper “ On the Molecular Mobility of Gases,’’ to bo 
more fully considered presently. Mr. Graham made some additional 
and very curious observations on tho free <liflusioii of liyilrogeu and 
carbonic gas into surrounding air, showing the absolute velocities of 
the molecular movements in eaeli of tho two cases. A glass eylindcT, 

• 57 metre high, had the lowest tenth of its height filled with earbonic 
gas. Tlicn, after difieront intervals of time, the uppminost tenth of 
air in tlio cylinder was drawn oft* and examined. In five minutes tlio 
carbonic gas in this upper tenth of air amounted to -04, and in seven 
minutes to 1'02 per cent, ; or 1 per cent, of carbonic gas had diffused to 
tho distance of half-a-metre in seven minutes, being at the rate of 7.‘] mil- 
limetres per minute. Now, tho conditions of this movement always 
prevail in the air of the atmosplicro, and, using the words of Mr. Graham, 
“ it is certainly most remarkable that in perfectly still air its molecules 
should .tqjontaneously alter their position, and move to a distance of 
half-a-metrc in any direction in the course of live or six miuubis.” 
By similar experiments made with an inverted cylinder, 1 per cent, of 
hydrogen was found to dififuse dowmwards at the rate of IJoO millimetres 
per minute, or about five times as rapidly as the carbonic gas difl’uscd 
upwards. 

With regard to Mr. Graham’s experiments on the diffusion of gases 
through porous septa, his earliest results on this subject were com- 
municated to tho Koyal Society of Edinburgh, in a pajxii* ‘‘On tho haw 
of tho Diffusion of Gases,” already referred t<j as tho first-born of wliat 
may be considered his great papers.* Prior even to Dalton’s above- 
mentioned experiments on free diffusion, Dr. Priestley, when trans- 
mitting different gases through stoneware tubes surrounded by burning 
fuel, iKjrccivcd that tho tubes were porous ; and that not only was 

* ‘ Edin. Roy. Sue. Trana.,’ xii., 18^4, p. 222. 
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there an escape of the gas, under pressure, from within tlie tube out- 
wards to the fire, but tliat there was also a penetration of the exterior 
gases of the lire into the tube, notwithstanding the superior pressure 
of the current of gas passing througli the tube. 

Mr. Graham, however, appears to have had his attention originally 
directed to the study of the transmission of gases through p<jrous 
diaphragms by the curious observation and experiments of Dobertiiuer, 
who, liaviiig occasion to collect and store some quantities of hydrogen 
over water, accidentally made use of a fissured jar, and was siirprisc'd 
to find that the water of the pneumatic trough rose in this jar to tlio 
height of an inch and a lialf in twelve hours, and to not far short of 
three inches in twenty-four hours. Having assur(‘d himself of the 
constancy of tho jdieiiomonon, Dohereinor attributed it to capillary 
action, conceiving hydrogen to be alone attractable by, and, on account 
of the assumed minuteness of its atoms, admissible through the fissure. 
In repeating Dt)bcreiner’s experiments, however, ]\rr. Graham soon 
observc'd that the escape of hydrogen outwards was always aceonipnnicd 
by a i)enetration of air inwards, tho volume of air finding an entrance 
through the fissure amounting to about oiU‘-foui*th of the volume of 
hydrogen inaVing its escape ; or tho fissui’O proved permeable the 
grosser air as well as to tho fim*r hydrogen. Having arrived at this 
point, ho replaced the fissured jar by an instrument admitting of 
much greater (‘xperimeiilal precision. For the jar itself he substi- 
tuted a piece of glass tube about lialf-an-incli in diameter and from 
eight to fourt('eu inches long, and for the fissure in the jar ho 
substituted a plate of stucco serving to close one end of the tube. 
Operating with a d illusion -tube of this kind standing in ajar of water, 
it was found, ns in Dalton’s experiimmts, that the two gases, say 
external air and internal hydrogen, exhibited a powt rfiil tendency to 
intermix or ebango places with eacli otb(T ; but more than this, it 
was found that tlic air did not excbaiigo nith its own volume of 
hydrogc'ii, but instead with 3*8 times its volume, losing th(‘ word 
diftiision-volumc to express the bulks of difi'erent gast's exchanging thus 
with one another by the jirocess of ditlusion, the difiusion-volume. of 
hydrogen would be 3-8, that of air being taken as 1. Similarly, it 
was ascertained that ('very gas has a dilYiision-volnmc wliich is pecu- 
liar to itself, and is indeed inversely i»s the scpiare root of its specific 
gravity ; and since the luieqnal dillusioii volumes of difiVu-eiit gases 
are consecpiences of their unc(pial diftusion velocities, it follows that 
the relative velocities at which dilTcrcnt gases diilnse into one another, 
by virtue of tlicir own iiihereut mobility, ju*e identical with those at 
which they effuse under pressure into a vacunmi— a result quite in 
accordance with, and indcjcd ch'ducible from, Dalton’s aphorism. But 
although tho relative rates of effusion and dilVusion are alike, it is 
important, wrote Mr. Graham, in the later paper already quoted from, 
“ to observe) that the phenomena of effusion and diffusion arc distinct 
aud essentially different in their nature. The effusion movement affects 
masses of gas, tho diffusion movement affects molecules ; aud a gas is 
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usually carried by the former kind of impulse with a velocity many 
thousand times as great ns is demonstrated by the latter.” * 

Thus the result arrived at by Mr. (jrahaui, in his original paper, 
was tlio enunciation of tlio now well-rocognizod law of tlio diffusion 
of gases; but, some thirty years afterwards, he again subjected tlio 
phenomena of gas-diffusion to an elaborate <‘xperiinental investigation, 
— going over the old and jicnet rating into now ground with an activity 
by no means iinpaireil, and with intcdlectual powers largely expanded 
by increase of years. His results wore communicated to the Koyal 
Society of London, in a paper “ On the Molecular Mobility of (iases,” f 
and it is impossible to read this and his original paper ‘'On the Law 
of the Diffusion of Gases ” together, without being struck by the 
great advance in philosophic grasp .and breadth of view which had 
become dovclopi'd in the long interval between the publication of the 
two memoirs. These later c-xperiments on gas-diftiisiou \vvro made 
princi2)ally with septa of comju-essed graphite ; and it will be wtdl to 
preface thm’r consideration by Mr. (iraham’s own introductory remarks. 
He observes ; — 

“ The i^ores of artiiicial graidiite appear to be really so minute, 
that a gas in mass cannot jicnetratc the plate at all. It seimis that 
molecules only <*an j^ass ; and they may be sujiposed to pass holly 
unimiieded by friction, for the smallest pores that can he iinagiiu'd 
to exist in Ihe gra2)hito must ho tunnels in niagnifiidc' to th(‘ ultimate 
atoms of a gaseous body. The sol(‘ motive agency ap2)eiirs to h(' that 
intestine movement of mokculcs ^\hich is new gt^niTally rcc(‘gnizcd 
as an cs.sential pro 2 H‘rty of the gaseous eondition of matter. 

“ According to the 2>hysical hy2)‘»thesis now gi'iieiully ri'Cidved, a 
gas is tis consisting of solid and 2 )cifectly elastic S 2 »h(‘rical 

2)articles or atoms, which move in all directions, and ar(‘ animatid 
with different degrees, of velocity in different gases, (fulfilled in a 
vc.ssel, the moving 2^artieles arc constantly im2)inging ag.iinst its sides 
and occasionally against each other, arid this contact takes place with- 
out any lo>s of motion, owing to tlio 2)erfeet elasticity of tin* 2*articlc8. 
If the containing vessel he jiorons, like a diffiisioinctcr, tlimi gas is 
projected through the open channels, by the atomic motion desi-rihed, 
and escapes. Simultaneously the external air is carried inwards in 
the same manner, and takes the 2>lftce of tlie gas which h'aves tho 
vesscL To this atomic or molecular movement is diui the elastic 
force, with tho 2>ower to resist com2>rcsRion, possessed by gases. Idio 
molebular movement is accelerated by heat and retarded by cold, tho 
tension of the gas being iiujreased in the first instain^) and iliminislicd 
in tho second. Even when tho same gas is present both within and 
without tho vessel, or is in contact with both sides of our 2)orous 
plate, tho movemimt is sustained without abati'ineiit - molecules con- 

* The motions of effusion under pri ssii re, and of sponttim ous diffusion, would 
appear to he aliko tr.iceahle to the elasticity of the gaa itself, cxortcjd lUider lh(‘ 
comUtions to whicii it is exjKincd at the time*. 

t ‘ Fhil. Trans./ 18G3, p. SS.'i. 
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tinuing to enter and leave the vcpsel in equal number, although 
nothing of the kind is indicated by change of volume or otherwise. 
If the gases in communication bo different, but possess sensibly the 
same specific gravity and molecular velocity, as nitrogen and caibonic 
oxide do, an interchange of molecules also takes place without any 
change in volume. With gases opposed of unequal density and 
molecular velocity, the permeation ceases of course to be equal in 
both directions.” 

One set of novel ex^ieriments recorded in the later paper, from 
which the ab(jve remarks are extracted, had reference to the diffu- 
sion of single gas('s through porous septa, into a vacuous or partially 
vacuous space. The diflusion-tube was substantially the same as that 
formerly cioployed, except in the circumstance of its being closed 
by a plate of comi^ressed graj>hitc instead of by stucco, and in the 
further cii*cumstanco of the tube itsedf being in some cases so far 
lengthened and otherwise modified as to admit of the production 
within it of a barometric vacuum of comparatively large dimensions. 
The mode of experimenting was as follow^s : -The short tubes, w’hen 
employed, were filled with mercury, and inverted in a mercurial 
trough. Then, by means of a very simple ai rangement, the gas under 
cxaminatic^’i nllow'ed to swetq) over the snrfaee f)f, and diffuse 
through, the graphite ])late, so as to depress the mercury within 
the tube until it stood at a height of 100 millimetres only, — that 
is, until the exU'rnal pressure cxcc'cflcd the internal pressure by 100 
millimetres onl^. IMatters being in this state, the ex 2 )eriment con- 
sisted in obs^Tving the number of seconds required for the admission 
through the graphite septum, into the graduate d tube, of a given volume 
of gas — tho mercury in the tulx; luung kejit tliroughout at the constant 
height of 100 millimeti’es, by a gradual lifting uj) of tho tube, effected 
by a mi'chauical arrangement originally dtwised and employetl by 
Professor Bunsen. Tlio long tubes were filled wdth mercury in a 
different inaiiiier ; but the conduct of tho o\i>eriments made with them 
differed tmly from that of the exjierimeuts made with the short tubes, 
in that the level of mercury in tho long tubes w as maintained tluough- 
out at <jr near to the barometric height, bo that the external gas dif- 
fused into the tube under full atmosjiheric pressure. Experimenting 
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in this way, tho relative times of permeation of equal volumes of 
different gases were found to be almost identical with the square roots 
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of the specific gravities of the respective gases, as shown in the 
preceding Table. 

These results arc of great value from the simplicity aiul constancy 
of the conditions under which tliey were obtained, and from their 
close accordance with the induced law. By allowing the difiiision 
to take place into a complete or partial vacuum, instead of into an 
atmosphere of other gas, the results \vere not complicatt'd with those of 
interdiffusion ; and by employing a thin plate of highly-corapresscd 
graphite, instead of a comparatively thick plug of more porous stucco, 
the results wore not complicated with those of transpirati()n, as Iiap- 
pened in some otherwise admirable experiments of Professor Bunsen, 
which led that distinguished investigator to (question at one time tho 
accuracy of Mr. Graham’s law. 

The absence of any transpiration of gas through the graphite 
wafer was made evident by the w'ant of any approximation, in tho 
rates of passage, to the characteristic rates of transpiration ; and was 
consc([ucnt on the impermeability of the exceedingly minute pores 
of the graphite to any cnforc(‘d bodily transmission of gas tliroiigh 
them. It may be as well to state this conclusion in Mr. Gialiam’s 
ow’n words : — 

“ The movement of gases tlirough tho graphite plate app('ars to 
be 8ol( ly due to their own proper molecular motion, i[uite unaided by 
transpiration. It seems to be the siinjilest possible exhibition of tlie 
molecular or diflusivc movement of gases. This pui-e result is to be 
ascribed to the w'ondcrfully fine (minute) porosity of tho grapJiite. 
The interstitial spaces appear to be sufficiently small to (‘xtingiiish 
capillary transpiration entirely. The grapliitc plate is a ])neumatio 
sieve which st(jps all gaseous matter in mass, and permits ^nolccnles 
only to pass.” 

By similarly condneted experiments, a detennination was also 
made of the difference 'of rate, if any, at which hydrogen diffuses 
through a gra]diite jdate into a vacuum and into atnios])li('ric air. 
Thus, in ono minute of time, the following quantities of hydrogen passed 
through the grajffiitc plate, in the two eases rLSjjcctively : — 

1’280 cubic centimetre into a vacuum. 

1'2B^ cubic centirartre into air. 

These numbers indicate a close approach to equality in the velo- 
cities of passage into a vacuum and into a space of other gas, — a yet 
closer equality being probably attainable by a modified form of expeu’i- 
menting. 

The diffusion of hydrogen into air, as in the above-referred-to 
experiment, is of course accompanied by a diffusion of air into 
hydrogen, which had to be allow^cd for in calculating out the above 
result. Moreover, ‘ Mr. Graham made a special repetition of his 
early experiments on interdiffusion, operating with dry instead of 
moist gas, substituting mercury for water in the diffusion-tube, main- 
taining a constant pressure by Bunsen’s niecbauisni instead of by 
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a pitcher of water, and using a wafer of graphite instead of a plug 
of stucco as the porous diaphragm. The theoretical exchange of 
hydrogen for air being 3*8 volmries for 1, and that of liydrogen for 
oxygon being 4*0 volumes for 1, the exchanging volumes actually 
found were 3*876 and 4*124 respectively. 

Keferring to the approxinmtively equally rapid passage of hydrogen 
into a vacuous and an aerial space, Mr. Graham remarks as follow's on 
the subject of in terd illusion : — 

“ In fine, there can be little doubt left on the mind that the 
permeation through the graphite plate into a vacuum, and the dilfiision 
into a gaseous atmosphere, through the same plate, are due to the 
same inherent mobility of the gaseous molecule'. They are tho 
exhibition of this movement in different circumstances. In inter- 
diffusion wo liave two gases moved simultam'ously through the pas- 
sages in opposite directions, each gas under the infiuence of its own 
inherent force ; while with gas on one sid() of the plate, and a vacuum 
on the other side, we have a single gas moving in one direi tion only. 
The latter case may bti assimilated to the former if tho vacuum bo 
supposed to repr(‘Sent an inliniti'ly light gas. It will not involve any 
error, therefa’’e, to speak of both movenunts as gascf)us diffusion, — - 
the diffusion ol gas into gas (double diffusion) in the one case, and 
the diffusion of gas into a vacuum (single diffusion) in the other. 
The inherent molecular mobility may also be justly spoken of as the 
diffusibility or dilfusivo f utc of gases. 

“ The diffusive mobility of the gaseous molecule is a property 
of matter, fundamental in its nature, and tho source of many others. 
Th(' rate of diffusibility of any gas has been said to be r(*gulated by 
its specific gravity, the velocity of diffusion having been observed to 
vary inversely as the square root of the density of the gas. This is 
true, but not in the sense of tho diffusibility being determined or 
caused by specific gravity. The physical basis is tlie midecular mo- 
bility. The degree of motion which the molecule iiossesses regulates 
the volume which the gas assumes, and is obviously one, if not tho 
only, dett^rmining cause of the peculiar specific gi’avity which the gas 
enjoys. If it were possible to increase in a permanent manner the 
molecular motion of a gas, its specific gravity would be altered, and 
it would become a lighter gas. With tho density is also associated 
the equivalent w'eight of a gaseous element, according to the doctrine 
of equal combining volumes.^’ 

In addition to tho above two sets of experiments, on the diffusion 
of a single gas into a vacuum and on the diffusion of one gas into 
another, a third set of experiments was made on the diffusion of one 
gas away from another ; or on the partial separation of mixed gases 
by the process of atmolysis. The experiments on this subject were 
conducted in several different w^ays, but the most striking results were 
obtained with what Mr. Graham named his tube atmolyser. This 
instrument consists of one or more lengths of ordinary tobacco-pipe 
(conveying tho current of mixed gas), surrounded by a glass tube 
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maintained in a more or less vacuous state by exhaustion with an 
air-pump. The most difiusiblo constituent of the mixed gas passing 
away in largest proportion through the porous material of the tobacco- 
pipe, the least diffusible constituent becomes t‘onct‘ntrated in the 
residue of gas passing along, and finally delivered by the pipe. By 
this simple contrivance, the proportion of oxygen in ordinary air, 
transmitted by the tobacco-pipe, was increased from below 21 up to 24‘5 
per cent., as a result of the small superior diffusive velocity of nitrogen 
1*01, over that of oxygen 0*95. 

In experiments made with the far more unequally diffusive gases 
oxygen and hydrogen, mixed in equal volumes, the proportion of (oxy- 
gen transmitted by the tobacco-pipe was increased from the original 
50 per cent., to 90, and even in some cases to 95 per cent. Electrolytic 
gas, consisting of 33*11 per cent, oxygen and 00*6 per cent, hydrogen, 
was slowly transmitted through a single tobacco-pipe, in some ('xjieri- 
ments enclosed in a vacuum, in others cxposiul to the air. In the 
vacuum experiments the tniusmittcd gas was found to consist of 90*7 
per cent, oxygen and 9*3 per cent, hydrogen. In the air e xperiments, 
the transmittt‘d gas w\is found to consist of 40*4 per cent, oxygen, 
5*5 per cent, hydrogen, and 51*1 per cent. air. In both cases it had 
lost its explosive character, and acquired the property of re-inflaming 
a glowing splinter. 

This paper of Mr. Graham’s “ On the Molecular l^Iobility of 
Gases” was supplemented by a communication made to the Chemical 
Society, in 1804, entitled “ Spcculativo Ideas respecting tlie Con- 
stitution of Matter,”* from which the following (xtracts are talwm : — 

“ It is conceivable that the various kinds of matter, now rc'eognizc'd 
as diflerent elementary substances, may 2 ^<^ss('ss one and^tlui samo 
ultimate or atomic molecule existing in diflerent conditions of move- 
ment. The essential unity of matter is an hypothesis in harmony 
with the equal action of gravity upon all liodies. We know the 
anxiety with which this point was investigated by Newton, and the 
care ho took to ascertain that every kind of substance, ‘ metals, stont's, 
w'ockIs, gi'ain, salts, animal substances,’ d"c., are sijiiilarly uecolerated 
in falling, and arc tliereforo equally heavy. 

“ In the couditi(m of gas, matter is dequivod of numerous and 
varying properties, with which it a^^pears invested wlien in the form 
of a liquid solid. The gas exliibits only a few grand and simple 
features. These again may all ho dci)cndent iq)on atomic or mole- 
cular mobility. Let us imagine ono kind of substance* only to exist — 
ponderable matter ,* and further, that matter is divisible into ultimate 
atoms, uniform in size and weight. Wo shall then have ono substance 
and a common atom. With the atom at rest the uniformity of matter 
would be perfect. But the atom possesses always more or lees motion, 
due, it must be assflmed, to a jirimordial im 2 )ul 8 c. This motion gives 
rise to volmno. The more ra 2 >id the movement tho greater th^ spiico 

♦ ‘ CliGm. Soc. Journ.,* xvii., p. 3ti8. 
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occupied by the atom, somewhat as the orbit of a planet widens with 
the degree of projectile velocity. Matter is thus made to differ only 
in being lighhir or denser matter. Tlic specific motion of an atom 
being inali(‘iitible, light matter is no longer convertible into heavy 
matter. In short, matter of diffiu’cnt density forms different sub- 
stance's dilfcrent inconvertible elements, as they have been considered. 

“ Jhit furth(T, these more and less mobile, or liglit and heavy 
forms of matter, have a singular relation connected with equality of 
volume. Equal volumes of two of fhem can coalesce* together, unite 
their movement, and form a new atomic group, retaining tlic whole, 
the half, or some simple proportion of the original movement and 
consequent volume. Tliis is elu'inieal combination. It is directly an 
afiair of volume, and only indii'cetly conn(*ct(*d with weight. Combin- 
ing weights ar(‘ different, because the densities, atomic and molecular, 
are difierent. Tin* volume of combination is uniform, but the fluids 
measured vary in density. This Iked combining nieasurc — the metron 
of simple substances —weighs 1 for hydrogen, 10 for oxygen, and so on 
with the other ‘ elements.* 

“ To the preceding statements resi)ecting atomic and molecular 
mobility, it m. nin^ to bo added tliat the hypothesis admits of another 
expression. As m the theory of light we have the alternative hypo- 
theses of emission and undulation, so in molecular mobility the motion 
may bo assumed to reside either in separate atoms and molecules, or 
in a fluid medium caused to undulate. A special rate of vibration or 
pulsation originally imparted to a i^ortion of the fluid medium enlivens 
that portion of matter with an individual existence, and constitutes it 
a distinct substance or element. 

“ Lastly, molecular or diffusive mobility has an obvious hearing 
upon the communication of heat to gases by contact with liquid or 
solid surfaces. The impact of the gaseous molecule, upon a surface 
possessing a different temperature, appears to bo the condition for 
the transference of heat, or the heat movcim*iit, from one to tlie other. 
The mor(j rapid tlie molecular mov(‘rnciit of the gas, tlie more frequent 
the contact with consequent communication of heat. lienee, probably, 
tho great cooling poAver of hydrogen gas as compared with air or 
oxygen. Tho gases named have the same specific heat for equal 
volumes, but a hot object placed in hydrogen is really touched 3*8 
times more frequently than it wrould be if placed in air, and 4 times 
more frequently tliaii it would be if placed in an atmosphere of oxygen 
gas. Hal ton had already ascribed this peculiarity of hydrogen to the 
high ‘ mobility* of that gas. The same molecular property of hydrogen 
recommendy tho application of that gas in the air-engine, where tho 
object is to alternately heat and cool a confined volume of gas with 
rapidity.*’ 

VITI. 

Passage of Gases through Colloid Septa , — In 1830, Dr. Mitchell, of 
Philadelphia, discovered a power in gases to penetrate thin sheet 
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india-rubber ; and, noticing tbo comparatively rapid transmission of 
carDonic gas through the rubber, associated this observation with tho 
further one that a solid piece of india-rubber is capable of absorbing its 
own volume of carbonic gas, when left in contact with excess of tho gas 
for a sufficient length of time. By means of a suitable arrangement, 
Dr. Mitchell found that various gases passed spontaneously through 
a caoutchouc membrane into an atmosplierc of ordinary air with different 
degrees of velocity — that as much of ammonia gas was transmitted in 
1 minute as of carbonic gas in 5i minutes, as of hydrogen in 37i 
minutes, and as of oxygen in 113 minutes. Soon after their i)ublica- 
tion, these results were ably commented on and extended by Dr. 
Draper, of New York; and, altogether, they attracted considerable 
attention in scientific ciiclcs. One of Mr. Graham’s earliest observa- 
tions — having reference to tho spontaneous passage of carbonic gas 
into a moist bladder of air, so as ultimately to burst the bladder — liad 
obviously a very close connection with Dr. Mitchell’s results, and 
received from Mr. Graham in 1S29 tho same explanation that in 18G6 
he gave to his own india-rubber experiments, the account of which ho 
communicated to the Royal Society in a }>aper “ On the Absorption and 
Dialytic Separation of Gases by Colloid Septa.” * In his cxj)eriments 
on the penetration of different gases, through septa of india-rubber, 
into a vacuum, Mr. Graham employed a tube considerably excec'ding 
in length the barometric column, open at one end and closed at the 
other by a thin film of caoutchouc stretched over a plate of higlily 
porous stucco. On filling this tube with mercury, and inverting it 
into a cup of mercury, a Torricellian vacuum was left at the top, into 
which the external air, or. any external gas experimented on, gradually 
found its w'ay by passage through the cjioutcliouc film, so as^ cause a 
depression of the mercurial column. By experiments made in this 
manner, it was found tl^at difiereiit gases penetrated tho rubber, and 
entered the vacuous space with the following relative velocities, difler- 
ing widely from the velocities of diftusion and transpiration of the 
same gases given in the other two colmnns of tlio Table : — 
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Bearing in mind tho partial separation of gases from one another 
attainable by reason of their unequal diffusive velocities, thib pos- 

* * PhiL Trans.,’ 18G6, p. 399. 
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sibility of effecting a similar separation of gases by reason of their 
unequal velocities of transiuission tbroiigli iii(lia-rubl>cr was easily to 
be foreseen. For oxami)10j atinos 2 )lieric air fousisting (jf 20*8 volumes 
of oxygon and 7!)*2 volumes of nitrogen, and tlje transmission velocities 
of these two gases being respectively 2*55 and 1*0, it follows tliat the 
air transmitted through india-rubber into a vacuum should consist of 
40 i)or cent, oxygen and 00 per cent, iiitrogc^ji, thus : — 
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In subjecting tliis conclusion to the test of experiment, Mr. Graham 
avaih'd himself of 13r. Sjueiigers then new ly-in vented nuucurial 
2 >uinp or exhaushu, an instrument wliich also stood liim in good stead 
in his subsequent \\ork, and to which be freely acknowledg(‘d his 
obligations, lly a slight alteration in tlie jnmq), as originally con- 
structed, ]\[r. Graham made it serve not only for its original 2)urpose 
of creating and maintaining an almost juniect vacuum, but also for 
delivering pc^r any gas 2 )enetrating into the vacuum through its 

caoutchouc or other walls. 

The caoutchouc tilms <inq)loyed in these cx 2 )erimcnts were of 
various kinds; but the most readily practicable and, on the whole, 
Buccessful results, were obtained with india-rubber varnished silk 
made up into a flat bag, cxi)osing on each side about 0*25 metro 
squared of surface. The* interior of such a bag being in communica- 
tion wdth the Sju’ongel 2 )um]>, the constitm uts of the external air were 
gradually suckc'd through the walls of tlu' bag and delivered by the 
turncd-u2> fall-tube of the ])um2). On examining the delivered gas, it 
was hjund to contain on the avirago 4 LG per c(‘nt. of oxygen ; and ac- 
cordingly, to have the 2 ro 2 )erty of re-inllaming a glowing sjdinter. 
Thus, by the simple suction of atmospheric air through a caoutchouc 
film, the remarkable result was arrived at of nearly doubling the pro- 
])ortion of oxygen in tlu' volume of air sucked through. Unfortunahdy 
for the practical a]) 2 )li cation of the the entire volume of air 

Buck<d tlmuigh 2 ^i'oved to be v(Ty small, about 2*25 cubic centimetres 
per miiiutc‘, 2101 * square metre of surfac(‘, at 20 C. At GO C., however, 
the 2 >assago of air through the rubber was almost exactly three limes 
as rapid as at 20 \ 

Instead of allowing the gases experimented on to pass through tho 
india-rubber into a vacuous S 2 >a(*e, they were in some cases allowed to 
2 >a 8 H int«> a s])ace already occupied w'ith a ditienuit gas, somewdiat as 
in Dr. MitclieH’s original ex 2 )erimcnts ; but tho conditions of tho 
action were then more coni 2 )lex. Tlu* constitinuit gases of atmos2>hcric 
air, for instance, pass through an india-rubbtu* st‘ptum into a space 
containing carbonic gas at the relative velocities with which they 
enter a vacuous space ; but throughout tho cx 2 X)rimcnt, not only are 
oxygon and nitrogen continually entering tho space, but carbonic gas 
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is continually, and very rapidly, escaping from it. Eventually, by the 
rapid escape of carbonic gas, the proportion or pressure of oxygen in 
tjie internal space comes to exceed that in the external air ; whereupon 
a reverse transmission, through the india-rubb(‘r, of the excess of 
oxygen into the external air, at once begins. But by stopping the 
operation at an early stage, and then absorbing the carbonic gas with 
caustic alkali, a residue of hyperoxygenized air was loft, capable, in 
some cases, of re-inflaming a glowing splinter, and containing as much 
as 37*1 volumes of oxygen to 62*9 volumes of nitrogen. 

The interj^retation, given by their discoverer to the above results, 
was in accordance witli his slowly develo])ed views on the relations of 
gases and liquids to each other and to soft solids. Having satistied 
himself that the merest film of india-rubber is quite devoid of porosity, 
and that oxygen is at least twice as absorbable by india-rubber as by 
water at ordinary teiu])eratnre (the absorbability of its own volume of 
carbonic gas by india-rubber, as by wxiter, having been noticed by Dr. 
Mitchell), Mr. Graham came to view the entire phenomenon as having 
a very complex character, — as consisting in a dissolution of the gas in 
the soft india-rubber ; in a diffusion of the liquefied gas, as a liquid, 
through the thickness of the india-rubber; in an evaporation of the 
liquefied gas from the internal surface of the india-rubber ; and lastly 
in a diffusion of the evaporated gas into the internal space. Thus, in 
reference to the remarks of Drs. Mitchell and Draper, ho writes — 
These early speculations lose much of their fitness from not taking 
into account the two considerations already allinh'il to, which ap]>ear 
to be essential to the full comprclnnsion of the phenomenon --namely, 
tliat gases undorgcj liquiduetion when absorbed by liquids and such 
colloid substances as india-rubber, and that their transmission tliroiigli 
liquid and colloid s( 2 )ta is then effected by the agency of liquid and 
not gaseous diffusion. Indeed, the complete suspcuision of the gaseous 
function dm’iiig the transit thi’ough colloid membrane cannot he kept 
too much ill view.” Mr. (iraliam seems thus to have recognized at 
least three distinct mixlcs of gas transmission through a solid or 
semi-solid septum : — 

Ist. By a suffiei(int dcgi’cc of pressure gases might be forced bodily, 
f. €, in masses, through the minute channels of a porous septum ; 
or, in other words, might i>asR through such a septum by trans- 
piVa/mw, of course in the direction only of the ju’c^ionderatiug total 
pressure. 

2nd. As the channels of a porous septum l)ocamc more and more 
minute, their resistance to the bodily transmission of gas would be- 
come greater and greater, and the quantity of gas forced througli them 
less and less, until at length the scj)tum would be absolutely im- 
permeable to transpiration under tho particular pressure. Bui such 
a septum, of which the individual capillary channels were so small 
as to offer a frictional resistance to the passage of gas greater than 
the available pressure could overcome, might nevertheless present a 
considerable aggregate of interspace through which tho diffusion proper 
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of gases, consequent on their innate molecular mobility, could take 
place freely in both directions. 

3rd. A fle 2 )tum might be quite free from pores, of any kind or degree 
of minuteness, and so far be absolutely impermeable to the transmis- 
sion of gas in the form of gas ; but it might neverthclesR permit a 
consider, able transmission of certain gases by reason of their prior 
solution or liqmfarflon in the substance of thi5 septum. And whereas 
tlio mere 2 )assage of gas, by transpiration or difliision through a porous 
septum, would take place in thorough ind(*pcndence of the nature of the 
mahirial of the septum, in this last (‘onsidtTcd action, tlie transmission 
would take place by virtue of a sort of ch(‘riiieal affinity botwoen the gas 
and the matcudal of the septum - the selerdive absor 2 )tion of the gas by 
the sei)tuni being a necessary ant<‘cedont of its transmission ; whence 
it might be said tlie gas was transmitted because it was first absorbed. 
Of course in certain transmissions two, or all three, modes of action 
might come into play simultaneously. 


IX. 

Ocdualon of Gaaes^ hy Metals . — The experiments of Dcville and 
Troost havdng known the curious fact of tlic permeability of 

ignited homogeneous [datinum and ignited liomogeiieous iron to 
hydrogen gas, and given some indication also of the permeability of 
ignited iron to carbonic oxide gas, Mr. Graham, in 18G6, corroborated 
the results of tho French chemists in reference to platinum ; but, 
modifying their method by letting the hydrogen pass into a space 
ke 2 )t vacuous by the Spreiigel 2 )ump, insU^ad ot into an atmosphere 
of other gas, assimilated the i)roeess to that wliieh ho had em- 
ployed in his india-rubber exporimeuts. The results ho obtained 
were communicah'd to tlio hoyal Society, 2 )artl}' in tlie jmper already 
referred to “ On tho Absorjdion and Seimratioii of Gases by Colloid 
Septa,” and partly in four supplementary m)tiees published in tho 
Proceedings of the Socie ty.''' In carrying out the investigation form- 
ing th(‘ subjc'ct of these several communications, Mr. Graham ]\ad the 
advantage' of being admirably seconded by his assistant, Mr. W. 
Chandler Roberts, whose able and zealous co-operation lio i-epcatedly 
aekuowledgi'd in the w armest terms. 

Ill tlio course of (jxiievimeuts made on the transmission of gases 
throiigli ignit(‘d iiK'tallic S(‘pta, a iiarticular platinum tube, being ren- 
dered vaciu)us, was found at all teinjicratures below redness to be quite 
im])crmeable to hydrogen; whereas at a red heat, it transmitted 100 
cubic eentimotres of hydrogen in lialf-an-hour — the quantities of oxygen, 
nitrogen, marsh gas, and carbonic gas, transmitted under the same con- 
ditions, not amounting to '01 cubic coiitiuu tro each in half-an- 
hour. It was ascertained further that, with an ignited vacuous tube 
of platinum sniToundcd by a current of ordinary coal gas (a vai-iablo 
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mixture of gaskjs containing on tlio average about 45 per cent, of 
marsh gas, 40 j)cr cent, of hydrogen, and 15 per cent, of other gases 
and vapours), a transmission of pure hydrogen alone took place through 
the heated metal. This property of selective transmission, manifested 
by platinum, was so far analogous to the property of selective trans- 
mission manifested by india-rubber, that whereas a septum of india- 
rubber transmitted the nitrogen of the air in a much smaller ratio 
than the oxygen, the septum of ignited platinum transmitted the 
other constituents of coal gas in an infinitely smaller ratio than the 
hydrogen. Hence the knowledge, of the absorption by india-rubber of 
the gases which it most freely transmitted, suggested to Mr. Graliam an 
inquiry as to the possible absorption of hydrogen gas by platinum. 
Accordingly platinum, in diftcrent forms, was heated to redness, and 
then allowed to cool slowly in a continuous current of hydrogen. 
The metal so treated, and after its free exposure to the air, was placed 
in a porcelain tube, w4iich was next made vacuous by tlie Si)rengel 
pump. During the production and maintenance of the vacuum, no 
hydrogen was extracted from the metal at ordinary tempiTatiircs ; 
or even during an liour’s exposure to the temperature of 2‘20 ; or y(d 
at a heat falling just short of redness. But at a dull red-heat and 
upw'ards, a quantity of liydrogcn gas w^as givtm olf amounting in 
volume, measured cold, to as much, in some cases, as 5*5 times the 
volume of the platinum. Thus w'as opened out to Mr. Graham the 
subject of his last, and probably greatest discovery —tbe occlusion of 
gases by metals. Very many metals w'ore examined in their relations 
to diifcrent gases, but the most interesting results were those; obtaiiu'd 
wdth platinum as above described; and those obtained wdth silver, 
with iron, and above all, with palladium. 

The characteristic property of silver, heated and cooled in different 
atmospheres, proved to be its capability of absorbing and rt'taining, in 
some cas4‘s, as much as seven times its volume of oxygen -its absorp- 
tion of hydrogen falling short of a single volume. Some silver leaf, 
heated and cooled in ordinary air, and snbseiiuently heated in a 
vacuum, gave off a mixture of oxygen and nitrogen gasc'S <*ontainiiig 
85 per cent, of oxygc'n, or more than four times the 2)roportion con- 
tained in the original air. This remarkable jiroperty of solid silver 
to effect the permanent (>cclusion of oxygen gas, must be distinguished 
from the not less r(‘markable and doubth ss associated prope rty of 
melted silver to cflect the tomi>orary absorption of a yet Lirgt'v 
volume of the same gas ; which, on the solidification of the metal, is 
discharged with the well-known phenomenon of spitting. 

Iron, though tolerably absorj)tivo of hydrogen, was found to bo 
specially characterized by its absorption of carbonic oxide. \Vhat 
may be called the natural gas of wrought iron, or the gas derived 
from the forge in ^hich it was heated, proved to consist chi(‘fly of 
carbonic oxide, and, in different experiments, w^as found to range from 
7 to 12*5 times the volume of the metal ; so that, in the course of its 
preparation, iron would appear to occlude upwards of seven times its 
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volume of carbonic oxide, and to carry this gas about with it ever after. 
The absorbability of carbonic oxide by iron lias an obviously impor- 
tant bearing on tlio theory of steed production by ('ememtation. This 
process would aiijicar to consist in an absorption of carbonic oxide gas 
into the substance of the iron, and in a subseejuent decomposition of 
the absorbed gas into carbon entering into combination with tlie metal, 
so as to effect its acieration, and carbonic gas discharged from the 
surface of the metal, so as to produce tlu* we ll-known appearance of 
blistering. Nor is this the only, or even the chief point of interest 
that was made out with re'gard to iron ; for the study of the behaviour of 
telluric manufactured iron naturally led Mr. (h*aham to the examination 
of sidereal native iron, that is to say, the ii’on of meteorites, and with 
the following result. A portion of meteoric iron, from the Lenarto fall, 
when heated in vacuo, gave oft' 2*85 times its volume of natimal gas, of 
which the jircpon derating constituent, to the extent of 85*7 per cent, 
of the total quantity, consisted not of carbonic oxide, but of hydrogen, 
the carbonic oxide amounting to only 4*5 per cent., and the remaining 
U*8 p(T cent, consisting of nitrogen. The inference that the raeteorito 
had been, at some time or other, ignited in an atmosphere having 
hydrogen as its prevailing constituent, seems irresistible ; and judging 
from the volume of gas yielded by the iron, the h\drog(‘n atmosphere 
in which it w*as ignited must, in all probability, have b(‘en a highly 
condensed one ; the charge of hydrogen extracted being fully five times 
as great as it was found possible to impart to ordinary iron artificially. 

But it was wdth palladium that Mr. Graham obtained his most 
extraordinary results. This metal he found to have the property of 
transmitting hydrogen with extreme facility, twi n at temj)eratures very 
far short of re<lness. Coincidently, at temperatures even Indow those 
requisite for transmission, ])alhidium was found capable of absorbing 
many huiub-ed times its volume of hydrogen. Thus a piece of palla- 
dium foil maintain(‘d at a temj)eratun‘ of -97 for three hours, and 
then allow'(‘d to cool down during an hour and a half, while sur- 
rounded by a continuous eurrtuit of hydrogen gas, gave oft', on bcdiig 
afterwards he ated in vacuo, 548 times its volume* of the gas, measured 
cold; and even at ordinary temperatures, it absorbed 870 times its 
volmne of the gas, provided it had first been recently ignited in 
vacuo. In another experiment, palladium sponge, heat(*d to 200'^ 
in a curr<‘nt of hydrogen and allowed to cool sLnvly therein, affer- 
W'ards yielded 080 times its volume of tlie gas; wdiile a piece of 
electrolytically deposited j)alladium heated only to 100^ in hydro- 
gen, afterwards yieldi'd, upon ignition in vacuo, no less than 982 
times its volume of the gas. The lowness of the temperature at 
which, under favourable circumstances, the absorption of hydrogen 
by palladium could thus be efft*eted, soon suggested other means of 
bringing about the result. For example, a piece of palladium foil 
was 2 )lac(‘d in contact with a quantity of zinc imdergoing solution 
in dilute sulphuric acid ; and, on subsequent examination, was found 
to have absorbed 178 times its volimio of hydrogen. Again, palla- 
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dium, in the forms of wire and foil, was made to act as the negative 
pole of a Bniiscii’s battery effecting the electrolysis of acidulated 
water ; and in this manner was found to absorb from 800 to 950 times 
its volume of hydrogen in different expc'riments. 

Palladium being thus chargeable with hydrogen in tlireo different 
w'ays, namely, by bi'ing heated and cooled in an atmosphere of tlio 
gas ; by l>cing placed in contact with zinc dissolving in acid, i, e. 
with hydrogen in the act of evolution ; and, lastly, by l)eing made the 
negative electrode of a battery, — correlativcly, tin' charged metal could 
be freed from its occluded hydrogen by exposing it to an increase of 
temperature in air or vacuo ; by acting on it with different ieebly 
oxidizing mixtures ; and by making it the positive electrode of a 
battery. 

The palladium, when charged to its maximum, was frequently 
found to give off a small proportion of its hydrogen, though with 
extreme slowness, at ordinary temperatures, both into the atmosphere 
and into a vacuum. But not until the temperature approaclu'd 100^ 
was there any appreciable gas-evolution ; which, above that point, took 
place with a facility increasing with the temperature, so as to be both 
rapid and complete at about 300^. Since, however, the transmission of 
hydi-ogen through heated palladium is a phenomenon of simultaneous 
absorption and evolution, it follows that the property of palLnliuin to 
absorb hydrogen does not cease at 300’’, or indeed at close upon tlio 
melting-point of gold, — the highest temperature at which Mr. Clra- 
ham’s experiments on transmission were conducted ; but whereas the 
maximum absorption of hydrogen by palladium takes place at com- 
paratively low temperatures, the velocity of traiihinission was observed 
to increase, in a rapid ratio, with the increase of temperature, inde- 
finitely. 

As regards the removal of hydrogen from palladium by oxygen- 
ants, the gas of the charged metal was found to manifest all the che- 
mical activity of hydrogen in the nascent state. Thus it reduced cor- 
rosive sublimate to calomel, combined directly with free iodine, converted 
ferrid- into ferro-cyanidcs, destroycil the colour of penuanganates, &c. 
Moreover, the spongy metal, charged with hydi'ogen and exposed to the 
air, was apt to become suddenly hot, and so compl(*tely discharged, 
by a spontaneous aerial oxidation of its absorbed gas into water ; Avhilo 
the hydrogen of a piece of charged 2)alladium w ire was often capable 
of Ix^ing set fire to, and of burning contiiniously along the wire. 

Lastly, the reversal of the position of tlio j)alladium plat(5 in the 
decomposing cell of the battery afforded a most re ady means of com- 
pletely extracting its hydrogen. Indeed, for some time aftca* the 
reversal, while hydrogen w'as being freely evolved from the negative 
pole, no oxygen was observable on the surface; of the palladium plate, 
now made the positfvc pole, through its rapid oxygenation of the ab- 
sorbed hydrogen. 

As regards the extent of the absorption of hydrogen by palladium, 
it was found, as already indicated, to vary considerably with the phy- 
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sical state of the metal, wlicthor fused, hammered, spongy, or electro- 
lytically doposik'd, f(n' example. In one case, previously referred to, a 
specimen of electrolytically deposited palladium, heated to 100^, and 
then slowly cooled in a continuous current of hydrogen, was foimd to 
occlude 982*11 times its volume of the gas, measured cold. In this 
case, the actual weight of palladium experimented with, was 1*0020 
gramme, and the wcn'ght of hydrogen absorbed *0073 gramme, being 
in the ratio of 99*277 per cent, of palladium and 0*723 per cent, of 
hydrogen. The atomic weight of hydrogen being 1, and that of palla- 
dium 106*5, it is observable that the ratio of the weights of tlie con- 
stituents of the charged mc'tal, hydrogen and palladium, approximates 
to the ratios of their atomic weights. 

In another experiment some palladium wii*e, drawn from a piece 
of the fused metal, was charged electrolytically with 935*67 times its 
volume of hydrogen. Some idea of these enormous absgrptions of 
hydrogen may be fonued by remembering that water at mean ti*mpc- 
rature absorbs only 782*7 times its volume of that most absorbable of 
the (‘ommon gases, ammonia. 

A point of interest with regard to tlie dilhrent quantitit's of hydro- 
gen absorbable by palladiiuu in its different stat(‘s, is tlie gradual 
diminution In absorptive power of aiiy paiticular specimen of the 
metal, witli each successive charge and dis(diarg(‘ of gas, in whatever 
way effected- the absorptive pown'r, however, being partially restor- 
ablc by subjecting the metal to a wielding heat. 

The density of jialladium (diargcxl wdtli eigl)t or nine hundred 
times its volume of hydrogen is perceptibly low*ered. Owing, however, 
to a continuous formation of bubbles of hydrogen on the surface of the 
charged metal when immersed in water, there is a difficulty in taking 
its exact density by comparing its respective weights in air and water 
witli one anotlier. There is also a difficulty in determining the den- 
sity by direct measunmient of the charged jialladium when in tlie 
form of wire ; owing to the curious property of tlie wire, on being dis- 
charged, of not merely returning to its original \uluine, but ot under- 
going a considerable and permanent additional rctnudion. But in the 
case of certain alloys of platinum, silver, and gold w itli excess of palla- 
dium, whilt' tlu' absorptive pow'or of the constituent iialladium is still 
manifested, the <'xc(*ss of retraction on discharge of the wires docs not 
occur ; and iho specific gravities deducible from the me re increase in 
length of wiri's of tlii‘sc alloys, are found to accord approxiniatively 
with those deducible from the increase in huigth of the pure palladium 
wire, not above its original length, but above the length to which it 
retracts on discharge of its absorbed gas. It would thus apjiear that, 
simultaneously wdth its absorption of hydrogen, the pure palladium 
wire, unstably stretched by the process of draw ing, suffers two oppo- 
site actions ; tliat is to say, it undergoes a process of shortening by 
assuming a more stable condition of cohesion, and a process of length- 
ening by the addition to it of other matter — the lengthening due to the 
additional matter being the excess of the length of the charged above 
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that of the discharged wire. In a particular experi mont illustratiyo 
of this peculiarity, a new platinum wire took up a full charge of 
hydrogen electrolytically, namely, 966 * 3 volumes, and increased in 
lengtli from 609 • 585 to 619 * 354 millimetres. With the expulsion of the 
hydrogen afterwards, the wire was permanently shortened to 600 ’115 
millimetres. The sum of the two changes taken together amounts 
to 19*239 millimetres, and represents the true increase in the length 
of the wire due to the addition of hydrogen. It corresponds to a 
linear expansion of 3 * 205 in 100, or to a cubical expansion of 9 * 827 in 
100. The original volume of the wire being *126 cubic centimetre, 
the volume of the condensed hydrogen would accordingly be *01238 
cubic ceiitirael re. Tlicn as tlio charged wir(‘, on being heated in vacuo, 
evolved 120*5 cubic centimetres of hydrogen gas, weighing *0108 
gramme, the density of the absorbed hydrogen would be 


•_ 01 _ 0^0 

•01238 


= -872. 


Calculated from the mere increase in length of the charged wire above 
that of the wire originally, the density of the absorbed hydrogen would 
he 1 *708. Th(‘ following Table gives the densities of condensed hydro- 
gen in different experiments made with palladium wii*e, in which the 
excess of retraction on discharge was allowed for as above; and also 
the densities observed in experiments made with palladium alloys in 
which the contraction on discharge took 2 )laco to the original lengths 
of the wires only. 


When united with 

Density of Condensed Hjdrogrn 

Palladium 

Palladium and platinum .. 

Palladium and "f4d 

Palladium and silver 

0-854 to 0-872 " 
0-7401 „ 0-7515 

0-711 „ 0-715 

0-727 „ 0-712 


Whether the absorption of hydrogen l>y palladium, alloyed or not 
with another metal, was large or small, tho density of the occluded 
hydrogen was found to be substantially the same. That the excessive 
retraction of the 2 )alladium wire on the discharge of its absorbed hydro- 
gen is not a mere effect of heat was shown by the cliargcd wire under- 
going a similar retraction when discharged electrolytically instead of 
by ignition in vacuo ; and also by the original wire not undergoing 
any sensible retraction as a result of annealing. Tliat the retraction is 
merely in length was shown by the absence of any difference in specific 
gravity between the original and the discharged wire. Very curiously, 
the shortening of the wire, by successive chargings and (lischargings 
of hydrogen, would seem to be interminable. Thus the followiiig ex- 
pansions of a particular wire, caused by variable charges of hydtogen, 
were followed, on expelling the hydrogen, by the contractions recorded 
in the other column. 
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Elongation in 

Rptractlon in 


MiUiin6tres. 

■■ 

Millimbtros. 

M Experiment . . 

‘.)*77 

9*70 

2nd „ ... 

5 *765 

t;*20 

Srd „ .. .. 

1 2 m 

314 

4th „ .. .. 

1 3*482 

4*95 


1 

1 

1 

23-99 


The palladium wire, whicli originally measured 009*114 millimetres, 
thus suftenMl, by four successive chargings and dischargings of hydro- 
gen, an ultimate contraction of 23*99 luilliniMrcs, or a reduction of 
its original length to the extent ()f m^arly 4 per cent., each increment 
of contraction below the original length usually exceeding the previous 
increment of elongation above the original hmgth (d the wire. The 
alternate expansion and contraction of palladium by its occlusion and 
evolution of hydrogen is ing<‘niously shown by a contrivance of Mr. 
Roberts’, in whieli a slif) of palladium foil, varnished on one side, is 
made to curl and uncurl itself, as it becomes alternately the negative 
and positive el e. -trod e of a battery, or is alternately charged and dis- 
charged of hydrogen on its free surface. 

Tliat hydrogen is the vai)our of a highly volatile metal has fre- 
quently been maintained on chemical grounds; and from a considera- 
tion of the i)hysical properties of his hydrogenized palladium, Mr. 
Graham was led to regard it as a true alloy of palladium with hydrogen, 
or rather hydrogenium, in which the volatility of the latter metal was 
restrained by the fixity of the former, and of which the metallic aspect 
was equally duo to l)oth of its constituents. Although, indeed, the occlu- 
sion of upwards of 900 times its volume of liydrogen was found to lower 
tlie teiuicity and electric conductivity of palladium appreciably, still the 
hydrogenized ])alladium remained possessed of a most characteristically 
metallic tenacity and conductivity. Thus, the tenacity of the original 
wire being taken as 100, the tenacity of the fully charged wire was 
found to be 81*29; and tlic electric conductivity of the original wire 
being 8 * 10, that of the hydrogenized wire was found to bo 5 * 99. In 
further support of the conclusion arrived at by Mr. Graham, as to the 
motiillic condition of tlie hydrogen occluded in palladium, he adduced 
his singular discovery of its being possessed of magnetic properties, more 
decided than those of palladium itself, a metal which Mr. Faraday had 
shown to be “ feebly but truly magnetic.” Operating with an electro- 
magnet of very moderate strengtli, Mr. Graham found that while an ob- 
long fragment of electrolytically deposited palladiiun was deflected from 
the equatorial by 10^ only, the same fragment of metal, charged with 
604 * 6 times its volume of hydrogen, was deflected through 48°. Thus 
did Ml*. Graham supplement the idea of hydrogen as an invisible incon- 
densable gas, by the idea of hydrogen as an opaque, lustrous, white 
metal, having a specific gravity between 0*7 and 0*8, a well-marked 
tenacity and conductivity, and a very decided magnetism. 

[W. 0.1 
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Sir Henry Holland, Bart. M.D. D.C.L. F.B.S. President, 
in the Cliair. 

Professor H. E. Eosooe, F.R.S. 

OT^E^!s COILbGF, 


On the Artificial Production of Alizarine, the Colouring Principle 
of Madder. 

The speaker stated that he Imd to bring before the notice of his au- 
dience a discovery in organic chemistry wliich, whetlier we regard its 
scientific interest or its practical and commercial value, is of the 
highest importance, and marks an era in the history of tlie applica- 
tion of chemistry to the arts and manufactures even of greater im- 
portance than the memorable discovery made by Mr. Perkin in 1850 
of the production of aniline-violet, or mauv(‘. 

Since the above-named year great progress has l)e(‘n made in the 
theoretical investigation of natural and artiti(‘ial colouriiig matters 
as well as in their preparation on a largo s(‘alc. The chemistry of 
colouring matters has now taken a high and important position, and 
chemists instead, as fonnerly was their wont, of getting rid of all 
colouring matters as something foreign to their objects of investi- 
gation, have, since Mr. Perkin’s discovery, found out tliat the exami- 
nation of colouring matters may not only lead to scientific laurels, 
but may sometimes yield fruit of another and not less acceptable 
kind. 

We owe to the brains and hands of tw^o German chemists, Messrs. 
Graebe and Liebennahn, this remarkable discovery, which di tiers from 
all the former results which have be(*n brought about by the appli- 
cation of science to the chemistry of colouring matt(‘rs, inasmuch as 
this has reference to the artificial prcnluction of a natural vegetable 
colouring substance which has been used as a dye from time imme- 
morial, and is still employed in enormous quantities for the produc- 
tion of the pink, purple, and black colours which are scon every- 
where on printed calicoes, viz. Alizarine, the colouring principle of 
Madder. 

It is from the liquid tarry products of the destructive distillation 
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of coal, a rich source of interest to chemists, that we now derive this 
now colouring matter. 

The following Table contains the results of experiments made on 
the large scale, indicating the various yields of tar from different 
qualities of coal distilled in the gasworks of various towns : — 

Dlstrlctivx Distillation of Coal. 


100 Ions of Cannel and Bituniinoiis Coal disiillod to yield 10,000 cubic feet of gas 
of spec. grav. O'O, yield the following products • — 



Odb 

1 

1 ar 

Ainiiioma 
W ttf r 

j Coko 


1 

22-25 1 

1 8-50 

1 

0-50 

1 

so- 7 r> 

Avrrago of msiny experiments. 

2 

20-01 

7-85 

711 

65 00 

Maiu’Iiifc-tir. 

3 

20-40 

01 , 

.51 

67-85 

Dukmlif hi. 

4 

21-7 

7-5 ' 

5-8 

65-0 

Mcirrlrbfiold. 

5 

1 

16-3 

10-7 1 

1 

1 8-0 

1 

65 0 

Sell ford. 


From a careful series of cxpcrimoiits made by a large tar distiller, 
the following liuiiibers arc derived, showing the average composition 
of gas tar : — 

100 Iona of Tar on distillation yield : — 


1 1 

1 Light OiU 
ainl Cutiolic 
Add 

Heavy OiN, ^ 

PiUh 

1 

WaUr, Gas, ' 

' and Loss 

1 Naphtha 

1 

NaphlhaUne, 
Aiitlirux*ne. 1 

1 1 n-o 

' 1-5 

35-0 j 

50-0 

10-5 

1 

2 1 :t-o 

0-8 

25-0 

60-0 

12-2 


It is from Benzol, Ct, discovered by Faitiday in 1825, that the 
aniline colours arc all of them jiropared. The colour-producing 
power of the coal prodin-ts are, however, yet far from being exhausted. 
It is by means of another and liitlierto comparatively unknovTi 
hydro-carbon, Anthracene, Ou Tim, that the newest trinmjdiK of the 
chemist have been won. This is a substance whieli in the pure state 
few chemists (even yet) have seen, and upon which only two or three 
had previously experimented, and yet by one happy discovery— and by 
an investigation which more than almost any other exhibits the value 
of the synthetic power of modern research this iiiiknowm body has 
been made to yiidd a colouring matter of the greatest jiossible value. 
The trutli of this will at once be evident when w e learn that the tobil 
growth of madder is estimated to reach 47,500 tons per annum, worth 
45L per ton, and having, therefore, a value of 2,150,000Z. Of this 
nearly one-half is used in the United Kingdom, so that no less a 
sum than 1,000,000/. is now paid by us for madder grown in foreign 
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countries. This will now, in part at least, go to benefit our own popu- 
lation, as we can now transform our coal into this invaluable colouring 
matter. 

In an experiment made on a largo scale it was found tlmt 100 tons 
of tar yielded 0 • G3 ton of anthracene, or 1 ton of aiiiliraceiie can be 
obtained from the distillation of about 2000 tons of coal, not reckon- 
ing the quantity of anthracene contained in the pitch. 

Madder is the root of several S2)ccics of Ituhia, amongst which the 
Buhia tinctorum is the most valued for its dyeing in-oiauties. This 
grows in Holland, Asia Minor, and in the south of Fj‘ance and of 
Russia. A species native to England is the Jluhia pereijrina. Tliis 
belongs to the order Buhinceoe, the native members of wliieli, as the 
Galiums, are mostly inconspicuous wild 2)lants. Some of tlie foreign 
species arc on the contrary im2)ortaut jdants, such as tlie (hnehona, 
Ipecacuanha, and Cofiee plants, and these are distinguished for tlie 
number and variety of the 2)eculiar 2>i*inci2>les whicJi tli(‘y yiedd, as 
quinine, cinchonine, caifeine, alizarine. Thanks to the kindness of 
Dr. Scliiinck, the S2)eaker was able to show a young madder 2dant. 

In s2iito of the many inv<‘stigati()ns which hav(' Ix'cn made of 
madder, chemists are still in doubt as to the nature of many of its 
constituents. Some attribute^ its colouring 2><>wi‘rs to (he 2)res('n(*e of 
at least two substances — alizarine and purpuriue — whilst otliers say 
that only one of these prixluces tlie true madder colours. 

Alizarine was discoverc^d and obtained from maddcT, as a crystalline 
sublimate, by Hobiquet and Colin, in 1831, hut little im2)ortance at- 
tached to this discovery until Schunck, in 1818, showe d that all the' fim'st 
madder colours contain only alizarine comhini'd witli bases and fatty 
acids. The second colouring inattcT, termed Ptn‘}ntrim\\\iiH diseovorcal 
by Persoz. It contributes to the full and iit*ry r(‘d colour in ordinary 
madder dyeing, hut dyes a bad 2)ur2)le, alizariiu* being essential to the 
latter. rur2)urine diwqqiears during the 2>ui'ifying 2>rocess('s of soap- 
ing, &c., being far less stable than alizariiu'. It is distinguished from 
alizarine by its solubility in boiling alum li(2uor. 

These two ecdouring 2Jrinci2^1es may likewise he easily distin- 
guished by the spectrum, alizarine 2>r(xlucing a set of dark ahsorption- 
bandvS, quite ditferent from those of 2nir2>urino, which again vary 
according to the nature of the solvent. Alizarine can l)o ohtainc'd in 
yellow needle-shaped crystals by siin2)le sublimation from the dried 
madder; but this colouring matt<T is, singularly enough, not contained 
ready formed in the fresh madder root, but is tlu^ a 2>ccu- 

liar decomposition. For a 2>»’oof that fresh mtuhhir do(‘S not contain 
alizarine wo have only to extract the moist r(M)t with alcohol, wJien neither 
the alcoholic extract nor the insfdublo residue will bo found to 2>0ssesa 
tinctorial power. Wo owe this knf)wledge to the researclies of Schunck 
and Higgin, who hoye proved that alizarine is 2)rotluccd by a peculiar 
kind of fermentation which 2>ttrtly occurs in tlie root on standing, 
and partly takes place in the dyobeck, when the powdered madder is 
treated with water. A crystalline glucoside, termed Rubianic Acid 
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(Schunck), is contained in the root, and it is this which splits up 
simply into alizarine and glucose. This acid crystallizes in fine 
yellow needles, and gives a definite and crystalline potash salt, from 
which it was shown to contain 20 atoms of carbon in the molecule. 
ITeiice, as no other product but glucose is fornie<l, it follows that 
alizarine must contain — Ci> = C, 4 . 'J’his decomposition of rubianic 
acid into alizarine was shown by boiling with an acid, and adding 
caustic soda whi n tin* blu(5 solution of alkaline alizarine was seen. 
The formation of alizarine in extracts of madder root is cfti‘cted by a 
ferment peculiar to the plant, and calh'd Erythrozym. It is a ferirKuit 
8U} grncris, since no other ferment produces the same effect. When 
mixed with a solution of ruluan or rubianic acid, at the ordinary tem- 
perature, the latter is rapidly decomposed as with acids. This is what 
takes ])lace in making Jleur dc garance. Dyers raist^ the tennau-aturo 
of their niadd(u*-baths gradually u]) to the boiling-point, because the 
application of a high temperature destroys the ferment. When the 
terripenilure is gi’adiially l aised, the f(Tment acts upon the glucoside, 
and produces alizarine. 

That the colouring matter in fresh maddc'rroot is not alizarine can 
be easily shown by rubbing the soft portions of the root on to })aper, 
\\h('n a yLllu\v ^luin will be produced, which, on tr(‘atment w’ith an 
alkali, shows the bright r(‘d colour of an alkaline solution of rubian 
inst(‘ad of the blue soluti<ni of alizarate. 

Accoi’ding to Schunck, tlie origin of purpurine, and its relation 
to alizariiu*, are still involved in obscurity. 

Tb(‘ hypothesis which of lab* y(‘ars has dom; more than any other to 
stimulate (‘Xjxu-inient and enlarge (*ur views in organic chemistry is 
uiidoubb'dly Kcdvule s tlu'ory of the Tetrad natnn* of Carbon and his 
explanation of the constitution of tin* (\irb()ii (k)ni])ounds. In the so- 
calh'd rarafliuc group of organic substance s, tin* carbon atoms are sup- 
posed t(» be coiiiK'ctcd together by single links of tlic four bonds 
attached to each atom, thus giving rise to saturated comi)ounds by tho 
attachment of otluT elements or radicals to the free bonds. In the 
group of aromatic substanc{'s with wdiich we arc specially concerned 
the carbon atoms are more* closely linki'd together, or in other words, 
a less number of atoms of hydrogen are necessary to saturate an aggre- 
gation of carbon atoms than is the case in the other group. We can 
explain this, upon the assumptifui of the tetrad characti‘r of carbon, by 
supposing that each carbon atom is attached to its neighlxmr alt(‘rnately 
by one and by hvo bonds. 

Anotli(‘r singular property of tlu'se aromatic bodies is that they all 
contain at h‘ast six atoms of carbon and that the simplest hydrocarbon 
of which they are made uj) is Benzol C,. H„. So that we may regard 
all th(*se nroniatic compounds as Benzol derivatives, and this hydro- 
carbon may l>o considered as tho skek ton round which many compli- 
cated substances are arranged. So that by the replac(*ment of one 
abmi of hydrogen by N TI? wo obtain Aniline, by O II Phenol, 
Prom the knowledge gained by his investigation on the Quinones^ 
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Graebe came to the conclusion that alizarine belongs to the Quinono 
series ; and, availing themselves of Baeyer’s reaction, by which Phenol 
can be converted into its hydrocarbon Benzol, Graebe and Liebermann 
passed the vapoui* of natural alizarine obtained from madder over 
heated zinc-dust, and foiind that the hydrocarbon they formed was 
identical in all its properties with Anthracene lljo from coal tar. 
Hence they confirmed Schunck's conclusions that flic mo1(*cnle of ali- 
zarine contains fourteen atoms of carbon. Having thus got hold of 
the backbone, as it were, of the compound, it only ri^mainod for them 
to clothe the hydrocarbon with the four additional atoms of oxygon 
and to take off the two atoms of hydrogen in excess, in order to ol)tain 
alizarine. 

Laurent and also Anderson had, many yc'ars ago, obtained a body 
of the composition Cu O 2 , and Graebe recognized this as tin* Qiiinone 
of Anthracene ; and he now only required to replace in this two atoms 
of hydrogen by two of hydroxyl (O H), in order to obtain alizarine, 
which clearly a^ipcared to be a quinone acid — 

( 

ChH.o C,*II«(0"L Cnllo ()il 

I on 

Anthracene. Anthraquinone. Ali/AiiiiL'. 

This replacement of hydroxyl can be effected by Bromiiu*, by which 
Bibromanthraquinone C ,4 llg Br 2 02 is formed, and this, on fusion with 
caustic potash, gives potassium alizaratc, yielding pure alizarine on 
treatment with hydrochloric acid. The high price of bromine ren- 
dered this process unavailable for manufacturing purposes, and hence 
another plan was simultaneously proposed by several elit niists for 
effecting the same end in a cheaper mode. Use* was hereby made of 
Kekule’s and Wurtz’s reaction in the formation of sul])hmbenzolic 
acid. On treating Anthraquinone with strong sul])huric acid to a 

high temperature, the di-sulpho acid Og | pj is formed, and 

this, on heating with concentrated solution of potash, yields the sulphite 
and alizaratc of potassium ; from the latter substance pure alizarine is 
obtained by the action of acids. 

In the following Table ^ve have a statement of the synthetic pro- 
duction of alizarine from its constituent elements : — 

SyMUCsIS op ALIZARI^E. 

1. Acetylene by direct union of Carbon ami Hydrogen in Electric Arc. 

i\, f Ifg r:r Cg II, (Beitlulot, 1862.) 

2. Benzol (Tri-acetylene) from Acetyleno >)y Heat. 

3 C, H, - Ilg (Borlhflot, 1866.) 

3. Anthracene from Benzol and Ethylene. 

2 Cg He + C 2 IL = C,, 11,0 + 3 II, (Bnthelot, 1866.) 

4. Alizarine from Anthracene. (Proroas No. 1.) 

((iraf'he and Eiebermaim, 1863.) 

(A) Oxyanthracene or Anthraquinone by Nitric Acid. 

0,4 IJg (O 11)2 (Anderaon, 1861.) 
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SYNTHESIri OF ALIZARINE — continued. 

(B) Bibronianthraquiiiono by action of Bromine. 

Cm II« O., + 2 Br^ - 11^ Br., 0,4-2 Br II 

(C) Alizarine by action of Cniiatic Potash. 

Cm >Ib O, 4- 4 K 11 0 -- C,, Hb (O K)^ O. + 2K Br 4- 2 IL O 
!*( )tassium al i zamto . 

5. Alizarine from Anthracene. (Process No. 2.) 

(Crac'be and (’aro, Pcikin, Schorlcmmer and Dale.) 

(A) Disiiljdioanthraqninonic Acid from Antliratjiiinone. 

r„ H, (o II), + -2 ir, so, = <•„ Ji, 0. If I + 211,0 

(11) Alizarine from the above by the action of Potash, 
c,. H„ (), I ^ j;-J{ } + 1 K 11 0 - t’„ II, O, { IJ {{ j + 2 K, K O 3 + 2 H, O 

Ali/an‘n(‘. 

Mr. Pcrkiii states tliaii an intennodiato substance is formed in this 

reaction having the formula 0,4 11^(0)./'! , and this, when heated 

with potash, s])lits up into ali;5arine and a sulphite. Other yellovv- 
coloured products arc', according to Perkin, contained in the', alizarine 
as sent out 1.I-! manufactory. The nature of these yellow crystal- 
line bodies is as yc't unknown. 

Of tli<‘ idc'iitity of the natural with the artificial alizarine there can 
be no doubt : thc'yagrc'c in all their physical and chemical properties. 
Their absorption-spectra are identical, their timdorial powers are the 
same ; tin* coloured lake's which they form with alumina, iron, and 
copper salts art' (»f tJie same tint and possess thti same degree of solu- 
bility, and these remain alike unaltered by the action of light, so 
that wht'ii they are fixed in the cotton-fibre they yield equally fast 
colours. 

It is difiicult to predict how far the artifieial alizarine will in future 
restrict the growth of madder ; but there is no doubt that for many 
stylos of calico-printing tlie artifieial alizarine is of the greatest value, 
and wo may naturally ('xp(‘et to see very inqiortant changes etfected 
in this branch of elu'iuical industry in the further jiractical application 
of this new' discovery. 

Contributions to the History of Aliz\rine. H,0,. 

1825. Faraday discovered Benzol in Coal-p;as Oil. Ilg. 

18.S1. liotiiqiiet and Colin discovored Alizarine in Madder Root. 

1832. Dnmas and Laurent di.scoveri.d Anthracene in Coal Oils. 

1818. 8chunck gave the Composition of Alizarine. C^ Hio 

18.50. Strecker „ „ „ Ilg O3. 

18(12. Anders^ni examined Anthnu'ene Compounds. C^ l^io- 

18G5. Kekulc explained the constitution of the Aromatic Compounds. 

18()G. Baeyer obtained Benzol from Phenol. 

1868. Craebe investigati^l the Quinones. 

18(18. (Jraebe and Lielx*rmann obtained Anthracene from Alizarine. 

18GU. „ ,, „ Alizarine from Anthracene. 

[H. E. R.J 
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mrcKivN ruothbbOtt ok (uuMi^rKr, royal inmiii nos, 

On the Ammonia Compounds of Platinum. 

For nearly a century past ammonia gas, discovered by Priestley in 
1774, has been a sul)j('ct of extreme interest to elieniists. This 
ammonia gas, H^N, is especially characterized l>y its property of 
uniting directly with hydrochloric acid gas, IICl, to form a solid 
deposit of sal-ammoniac, or hydrochloride of ammonia, IlaN.lICl. 

In several important jiarticulars, sal-ammoniac pr(‘sents a remark- 
able similarity of behaviour to chloride of potassium ; and, by linking 
together the hydrogen of its acid with its ammonia so as to form the 
grouping lIjN.H or HjN, it maybe regarded as tlio chloride of a 
composite metal ammonium, just as potassiimi chloride is the chlorido 
of the simple metal potassium ; thus : — 

(II 3 N. 11)01 KOI 

Ordinarily, when potassiimi chloride is subjected to the action of 
a weak current, no potassium, but only potash, makes it*^ a 2 )pf‘aranco 
at the negative pole; but if the negative pole be constituted of a 
drop of mercury, the olcctrolytically-liberated potassium remains dis- 
solved in the mercury as potassium-amalgam Similarly, 

when solution of sal-ammoniac is subjected to electrolysis, the nega- 
tive pole being constituted of mercury, there is produced a bulky 
amalgam of ammonium* (H,N.H)^Hgy ; which, however, when no 
longer under the influence of tho current, speedily breaks up into 
ammonia, liydrogen, and mercury. Ammonium-amalgam may further 
be produced on a large scale by the action of potassium-amalgam or 
sodium-amalgam on sal-ammoniac solution, thus : — 

x(n,^.n)C\ + K.Hgy = xKC\ + 

Another characteristic property of ammonia gas is its extreme solu- 
bility in water By its dissolution it furnishes a liquid having many 
of the properties of aqueous potash, as, for exaiuple, the properties of 
affecting test-paper, of neutralizing acids, and of precipitating metallic 
salts. And just as sal-ammoniac may be regarded as a chloride of 
ammonium, analogous to chloride of potassium, so may ac^ueous am- 
monia be regarded as a hydrate of ammonium analogous to liydrato of 
potassium, thus : — 

(HaN.IOHO KIK) 

But whereas chlorido of ammonium, analogous to chlorido of potas- 
sium, constitutes a definite body, — hydi'ato of ammonium, analogous 
to hydrate of potassium, has an inferential existence only. It is 
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inferred to exist in solution from tlio reactions of the solution ; but, 
under all attempts at extraction, it breaks up into ammonia gas and 
water, thus : — 

(Il 3 N.II)HO or llaN.H.O = lIjN + H,0 

But by far tho most interesting circumstance with regard to am- 
monia is its property, so remarkably develo23ed by Hofmann, of 
serving as a tyj)o from which compounds of the most varied character 
are derivable by substitution. Just, for example, as tho hydrocarbon 
residue, or radical, ethyl can replace the hydrogen of hydro- 

chloric acid to form ethylic chloride 021X5.01, so can it also replace 
tho hydrogen of anmionia to form ethyhiuiino O^H^.H^jN. This 
cthylaminc constitutes a very volatile licjuid, vaporizing considerably 
even at ordinary teuijun’aturcs. Its va2)our closely resembles ammonia 
gas, but is distinguishable tlKTcfrom by its ready inflammability. 
Like ammonia, cthylaminc combines dirc'ctly with hydrochloric acid 
to form ethylamine sal-ammoniac, or hydrochloride of ethylaininc 
OillsTIjjN.IIOl. Like ammonia, also, ethylamine is extremely solu- 
ble in water ; and its solution, like that of ammonia, behaves in many 
respects as a Infinite hydrate (^2XI->H,5N.n20, not obtainable, how- 
ever, in the isolated state, but, lik(‘ liydrate of ammonia, known only 
in the state of solution. 

There exist, moreover, derivatives of ammonia in wliich a portion 
of its hydrogen is replaced, not by a monad, but by a diad residue or 
radical. Just, for example, as diad ethylene, CJI^, replaces the hy- 
di’ogen of two units of hydrochloric acid to form tthylenic chloride, 
CJI4.CI2, so can it also rexdace, in jiart, the hydrogen of two units of 
ammonia to form ethyleiiamiiie, r2ll4(IXsN)2 or This 

double ammonia unites with two units of hydrochloric acid to form 
the definite hydrochloridt‘, C2H4(IT2N)2 . 2TIC1, and with two units 
of water to form tlio equally definite, stable, isolablc, volatile, crys- 
tallizablc hydrate' C2ll4(lI.N)2 . 21120. 

Tho hydrochloride and non-isolablo hydrate of ethylamine being 
comi)ared with the chloride and hydrate of the monad alkali-metal 
potassium, the hydrochloride and isolable hydrate of cthylenamine 
are similarly comparable with the chloride and hydrate of the diad 
alkali-metal barium, thus : — 

K'Cl } C2lLaLN)Xl 1 '^'1 1 { CH^CILN), } "CI2 

K'HO j (ML(ILN)ll } 'HO 1 Bb"(II0)2 { (\JL(1LN).2 } "(110)2 

And hydrate of ethylcnamino agrees with hydrate of barium, as well 
in being a powerfully alkaline base, as in being dc-hydrateable, not by 
tho action of heat, but by indirect methods only. 

Through the further researches of Hofmann, chemists are ac- 
quainted with ammonias and di-amraonias, in which, not only one- 
third, but two-thirds and three-thirds of tho hydrogen are replaced 
by monad ethyl and diad ethylene respectively. With regard to 
these compounds, both in their properties and in tho nature of the 
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hydrochlorides aud hydrates which they furnish, di- and tri-ethyls- 
mine correspond very closely to etliylainine — di- and tri-etliyleiiamiuo 
very closely to etliylcnamino. 


Kiliylaiiiiiies. 

Mono- .. .. (C,fI,)'n,N 

Di- .... (C,lI,ydIN 
Tri- .. .. (C,H,y3N 


KthyliMiamiiies. 

(cur.ni.N, 

(C,nd"oTf,N, 


AltLougli, in this way, the principal developments and ultimate 
establishment of the idea of ammonia as a typo have resulted from 
investigations in organic chemistry, the idea itself appears to have 
originated in the first instance from investigations made in mineral 
chemistry ; and especially from the investigation of com])ounds formed 
by the reaction of certain metallic salts and ammonia, (rrahain, indet'd, 
had early represented cei'tain compounds of metallic chlorides with 
ammonia as being metal liciz<‘d sal-ammoniacs ; but tlie notion of 
ammonia ns a triliydric type, susceptible of tlirce su(*cessiv(‘ dcgrc(‘s 
of substitution, was first enunciated by Laur(‘nt, and was (‘inployt'd by 
that most original chemist to explain, among otiicr mattiu-s, the con- 
stitution of ditlercnt ammoniated compounds of ])latiiiinn, discovered 
by Magnus, (Iros, and Keiset successively. These compounds lie 
represented as being salts of derived ammonias, ilj which ditie,roiit 
pro 2 V)rticns of the hydrogen of ammonia were replaced by j^lfitinum. 


Platinum is a iiuxleratcdy hard, pewt<‘r-eolour(‘d metal, j^ossc^ssed 
of many singular iiropcrties. It was first rceoguized as a distinct 
metal by Wood, an assayer of Jamaica, in 1711. The mode of 
working it w^as discovered and practis(‘d by Wollaston larly in 
the present century, aud described by him in the ‘ l*Iiilos()]>liical 
Transactions’ for 18‘J9. Platinum is c^iu cially characierizt d by its 
high specific gravity! by its low conductivity, dihiteability, and 
specific heat; by its high ductility and tenacity; by its facile divisi- 
bility and reducibility ; by its curious absorptivity of certain gases, 
more especially hydrogen ; by its difiicult attackability by cbemical 
agents; and by its infnsibility at tlic liighest furnaci^ lieats. And by 
each of these several proiicrties, iierliaps its high spceilic gravity, 

is it suited to some special apjdication in tlie arts. 

Chemically, platinmn is charact<*rized by its high atomic weight, 
197 ; and by its formation of two well-defined chlorides, — a ja rcliloride, 
also known as platinic chloride, expressed by tlie foiinula Pt" 
and a protochloride, also known as platinous chloride, cx|)ress('d by the 
formula Pt^'Cla. Platinic chloride occurs in crystalline, dark orange 
masses, freely soluble in water. Platinous chloride forms an olive- 
brown amorphous powder, quite insoluble in water, but dissolving in 
hydrochloric acid Ao form an ochrc-cohnircd liquid. In 1828, the late 
Professor Magnus, by suiicmi til rating this liquid wdtb ammonia, obtained 
a remarkable compound, containing the elements of platinous chloride 
and ammonia, and presenting itself as a dull green, usually cryfetallinc, 
precipitate. This notable green precipitate lias formcil the subject of 
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frequent investigation from then till now ; and different views of its 
constitution, from time to time, have been put forward. But no one 
of these views has received a sufficiently general acceptance to warrant 
the designation of the compound in accordance therewith ; so that, 
from the period of its discovery down to the present day, it has ever 
borne tlie honoured name of its discoverer, and been known as the 
green salt of Magnus. 

Some time after, Gros, in 18B8, by treating the salt of Magnus with 
nitric uend, obtained a peculiar scries of pale yellow, or colourless, 
platin-amnioiiia compounds. Next, in lHiO-44 et seq., Keiset and 
Peyi’one, by acting on the salt of Magnus, or on phitinous chloride 
its(df, with ammonia, obtained, ind ependently of each otlier, two addi- 
tional series of com2)ounds, having relations of metamorphosis both 
with one another and with the foregoing serit's of Gros. Then, in 
1810, Ihiewsky, by acting on the salt of Magnus with nitric acid, 
obtained ye t another seri(‘s of ccunpounds, differing from those furnished 
to Gros by the same reagent. 

But tlje ibrmuhe, attributed by Itacusky t(» the salts which he had 
just disco\er(*d, were inconsistent botli with Laurent’s view of ammonia 
as a type, and with other views of chemical constitution which those 
illustrious feiJovv-Wiukc j s Lailrent and (ierhardt share d in common. 
Accordingly, Gerhardt, in 1848, subj(‘eted Ihiew sky’s formula', — not- 
withstanding tlieir corroboration by a (\>mmitte(' of the .Academy, — to 
a most trenchant criticism ; and after siqiplcmentijig his criticism by 
laboratory i('s<'arch, puhlish(‘d in I80O, his celebrated memoir “ On the 
Amnioniacal (^^mpounds of Platinum.” In this m mioir he established 
the existence* of another, entirdy in‘W', series of i>latin-ammonia com- 
pounds ; he show(‘d, by ex})eriment, the simjde relationship in which 
th<‘ salts of Ihiewsky stand to the salts of (*ros; and he set forth a 
complete, self-consistent sclieme of viewing the several series of 
plat in-ammonia compounds in their relations to ammonia and to one 
another. 

Since the publication f)f Gerhardt’s memoir, turther important con- 
tributuins hi the knowh'dge of platiu-ammonia compounds have been 
ma<lo by diff'ercuit chemists, especially by Buckton, lladow’, and 
Thomsen. But neither Ik fore i.or since has any complete general 
schenn* of the constitution of this class <.>f bodies been put forward. 
Neverthoh'ss the schenu- of Gerhardt, though always treated with 
respi'ct, has lu'ver met w ith general acci'ptation, and nowadays, at 
any rate, is open to vi'ry serious objections.* 

The ath'ntion «)f the writer having of late been directed to the 
study of these compounds, he has succeeded in differentiating the 
simph'st of the plalinum sal-ammoniacs from several allied and iso- 
meric bodies w ith which it had before been eonfouiuh'd ; and in obtain- 

* (oitim-illV own Itasi' f«u- iTi‘'iaiu*c, i Topmsonted by tlio c^*r- 

tainly fonimla pi , IIX or Pt''IIN, uiwl its liydrochloi ido b\ tlie yet 

jnoii'' mipiob.iblc formula pi /l IN . • 2 IU 4 ; in wliirh Ihc unit of a mon-.numonia is 
Vi pn Hi ntod ns coinbiiK’d with two units of lijilioobloru* acid, and by which the entire 
chbninc of the salt is rcprcsi'iitt d ns fnltilling one and llie same function. 
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ing from it the coiTesponding hydrated base of the series. He has 
also obtained some reactions of interest with bodies belonging to the 
more complex series ; and, as a general result of his inquiries, has 
ventured to put forward a new scheme of regarding tlic entire group 
of bodies. This sclicmo is based on the recognition of two principal 
facts or propositions : — 

1“. The different platin-ammonia compounds arc produced in the 
first instance from platinous chloride PtCr' 2 ; and just as the plati- 
num of this compound x)ossesses the property of taking up two addi- 
tional proportions of chlorine so as to furnish the platinic compound 
Cl^rtClg or Pt""Cl 4 , so also does the platinum of the diftV‘rcnt ammo- 
niated bodies obtained from platinous chloride possess the property of 
taking up two proportions of chlorine, or its equivalent of other 
negative radical, so as to furnish platinic compounds corresponding 
to the original platinous comi)ounds respectively, lleiicc* the division 
of platin-ammonia compounds into the two classes of platinous and 
platinic ; the compounds of the former, differing in constitution from 
those of the latter class, just as platinic differs from platinous chloride, 
by a dire(‘t fixation of clilorine. 

2°. The monad residin' or radical amidogen TT.^N, is capable of 
becoming the monad radical aminon-aiuidogcn ILN.II.N or 11., N^, 
just as tin' monad radical m<‘thyl 11,0, is capable of becoming the 
monad radical nietliylcn-nn'thyl or ethyl or 11^0^.* View- 

ing sal-ammoniac H^N.JiCl as the analogue of metliylic chloride 
H,jCv ITCd, the difference is noticeable, that while tlu' ammonia both 
of sal-ammoniac and ammon-amidogi'ii is easily s<‘parable, the methy- 
len both of methylie eliloridc and inethylen-nu tliyl is inseparable from 
tbe remaining constituents of the respective comj)oiiuds. Jlc'iice the 
distinction b<‘twceii the two classes of amic and aminon-ainie platinum 
compounds, the latter differing from tlie foriiKU* by an actual addition 
of diad ammonia, miicli as cthylic diffiT fi‘om methylie cmnpounds 
by a virtual addition of diad mcthylen. Tlie 2 )aralleli^m is indicated 
in the under-written formula) for methylie chloride and etliylic 
chloride, sal-ammoniac and ammonio-chloridc of silver, respectively : — 

ILCIK’l 1I,C)H IIjN.lK'l HjN^Ag 

nuclei 

The group of platin-ammcuiia compounds is thus divisible into 
the hvo classes of platinous and jdatiiiic ; and each of these again into 
the two classes of amic and ammon-aniic compounds. To tlieso four 
classes must yet h(‘ added a fifth suh-chiss (jf di- 2 )latinic comiKjuiids, 
including the nitrate-chloride of llacwsky and the suhscqiu‘ntly-dis- 
covered nitrate of (lerhardt and chloride of lladow. Tlu; sclicme of 
the constitution of the entire groiq), in accordance with the writer’s 
views, is exhibited in the accom 2 )aiiyiiig table of the princi 2 )al cldoridc, 
hydrate, nitrate and nitrite compounds. 


* ‘Plul. Mag,’ IHHO, p. 4.V.». 
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PLATINUM BASES AND SALTS. 
l^iioposED Sciiebip:. 


Platosaminc, 

Pt"(H2N)2 . 21IC1 
Pt"(n2N)2 . 2H(HO) 
Pt"(H,N), . 2 U(N 03 ) 
PlaUnammo (Cerhardt’s). 
Cl,Pt""(H2N), . 2HC1 
Cl2Pt""(n2N)2 . 2H(H0) ? 
(HO),Pt""(H3N)2 . 2H(HO) 

OPt""(ir3N)2 . 2H(N03) . 3Aq ? 
(NOArt""(H,N),.2H(NO,) 

Amo-diplatmnmi • TBacwsk^V, A,o ) 


Pt"(II,N2)2 . 2H(nO) 
Pt"(H,N,), . 2H(NO,) 
Amo-pJatinam\ne (Gros*). 
Cl2Pt""(H,N2), . 21IC1 
Cl3Pl""(H,N,), . 2H(N03) 
(UO),Pr'(II.NA.21lCNO,) 
(NO.O.Pt'-'CIT^N,)^ . 2 HCNO 3 ) 
(N03)3Pi""(n,N,), . ‘2H(d 
Cl,()Pt2""(H3N,X . 4HC1 
Cl/)Pt;"'(ll5N2X . 4IINO3 . Aq 
(N03 ),opi;-(h,n,), 411NO3 . Aq. 


Amo-platosamine (Reiset’s). 
Pt"(ll3N2)2 . 2HC1 . Aq. 

I 

I 


PJatosamlne, 

The hydrochloride ib obtainable by direct action of platinous 
chloride Pt^'Cl^, on ammonia, jiiBt as ethyleiiamine hydrochloride is 
obtainable by direct action of ethylenic chloride (C2ll4)"Cl^, on am- 
monia ; and, in both reactions, the two compounds arc each accompa- 
nied by various other products. The parallidism, in constitution and 
properties, of the two com])Ounds and of their corresponding hydrates 
is complete : — 

Pt"(H,N )2 2irCl C,H,(H,N), . 2Iia 

PrOLNL . 211,0 C„1I,(H2N), . 2U,0 

Hydrochloride of platosaminc, in its pure state, has a dull, very 
pale, primrose colour, approaching almost to white. It is very in- 
soluble in cold, considerably more solubh^ in hot w^atcr.* From its 
concentrated hot solution it is usually deposited as a floeculeiit-looking, 
though really crystalline, or partly crystalline, i)rceipitate ; and by 
slow cooling of the solution, it may bo obtained wholly in the form of 
distinct needles. The base is obtained from the hyilroclilorido, througli 
the intervention of the sulphate, by decomposing the latter wdth baryta 
water. It is extremely soluble in water, and readily crystal lizable. 
It furnishes a solution manifesting a strongly alkaline reaction, libe- 
rating ammonia from its salts, neutralizing acids, absorbing carbonic 
acid from the air, and decomposing metallic salts — the precipitates 
t hrown down being, however, for the most part iloublc compounds. 

* The oranpje-yellow, seal) , far moic soluble hydroohloride, obtaiued by dis* 
Bolving salt of Magnus in 8uli)linle of annnunia solution, is a distinct compound. 
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The base and otlier soluble platosamiiic compounds aro charac- 
terized by giving with hydrochloric acid a precipitate of the hydro- 
chloride, which, when formed in this way, is almost always yellow 
and crystalline. All jilatosamino compounds, including the hydro- 
chloride, exhibit the platinous jiroporty of absorbing chlorine, and 
hence of decolouidzing a mixture of hydrochloric acid and permanga- 
nate, to yield plutinamine compounds ; and they all, including the 
h)’^drochloride, dissolve in gently-heated ammonia, to yield their corre- 
sponding aino-platosaniine compounds. 

A mo-platosmninc. 

The hydrochloride of this series, unlike that of the 2)r(jceding, is 
freely soluble in water. It is a beautiful salt, crystallizing usually 
in a mass of interlaced lengthy ne(‘dles. It is made by dissolving 
platinous chloride, salt of IMagnus, or tht‘ above 2)latosamin(' liydro- 
chloride, in aqueous ammonia at a gentle heat. Tlie hydrated basi; is 
obtained from it, as is the i>reced in g hydrated base from the ])i‘(‘eeding 
hydrochloride. The so-i)roduced hydrate eorres2)onds in its gcuieral 
l)ropcrti(‘S with the above hydrati' of 2 >hitosamine, than which, how- 
ever, it is far more powerfully alkaline. From ditfer( nt mi tallic salts 
it throws down the rcsiicetive iiK'tallic hydrates. 

Amo-platosamine salts, like' those of jdatosamine, exhibit the jda- 
tinous jirojKTty of decolourizing a mixture^ of hydrochlorh* ac id and 
permanganate, cjf directly absorbing chlorine or bromine, and also of 
directly absorbing nitric jmroxide, to furnish amo-phitinie com- 
pounds.* The resulting amo-j)latinic chloro-ehloridc' occurs as a 
pale yellow, the nitro-chloride as a j)alo green, and the nita>-idtrat(‘ as 
a imle blue precipitate. Amo-jdatosaminc is furth(*r distinguislicd 
from platosamine by the free solubility of its hydrochloride, and ly 
the reaction of this salt with j^bitinous cliloride solution to thrt)\v 
down the green salt of iMagnus. 


Phtilmr Compounds. 

The most characteristic of the salts of 2)latinamine is tlic chloride 
Cd^Pt""(Tr,:N\ . 21 l(d. It is la st made by addition of permanganate, 
in very slight excess, to a hot solution of plat(»samino ]iydroehlorid(‘, 
acidified with hydrochloric acid. It is a beautiful bright yellow salt, 
dissolving 8 i)aringly in cold, moderately, tljough, on account of its 
density, somewhat slowly, in boiling water; and crystallizing readily 
on cooling in isfdated octahedrons or S([uare 2 )lat(‘S. It nacts with 
excess of ammonia, at a gentle heat, to form tlie insoluble chlpride of 
amo-j)latinamine. Its chlorine, like that of tlu' aino-platinic chloride, 
is evidently in two difierejit conditions of attaekability by rtugimts, 
such as alkalies and silver salts. The liydrate of 2>latinamine is ob- 

* The r( arti(m of annsplatohiuniiio couipountls ^Yith nitiie peroxide was dis- 
covered by llwlow, but received from liim a difl’ertnt interpretation. 
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taiiiod from tbo hydmlc-nitratc*, by metiiiH of ammonia, as a neutral, 
almost insoluble, bright yellow, crystalline prccij)itatc. 

The best known salt of am(»-platinaniino is the chloro-nitratc 
Clvrt""(N,If,),.2II]SI(), obtained by treating the salt of Magnus, 
or prcf(*rably the hydrochloride of anio-platosimine, with iiitrie acid. 
It is moderately soluble in winter, and eryslallizes therefrom in brilliant 
white flat jirisins. Its chlorine is not imnu’diately recognizable by 
nitrate of silver; and is only ])artially iirecijn table thereby, even after 
long boiling. Its solution yields, with ammoninm chloride and sodium 
sulpliah , crystalline wdiite precipitates of the ch loro-chloride and 
chloro-siilphat(‘ n spc'ctively. 

The most familiar salt of amo-di plat inamine is the chloroxy-nitrate 
CU)rt/"'(II,N,),. niNO .A(1. It is b(‘vt made by boiling the 
ehioro-nitrate or ehloro-chloiide of aino-platinaniine wnth nitric acid 
and nitrat(* of silv(T. It prc'scuits conshhoahh* 1 ( semblance to th(‘ 
ch loro-nitrate of aino-platinainine, but its solution is not disturb(‘d 
(‘ither by sulpha! of sodium or diloride of ammonium, it yields 
moreover, with ])hitinous ehloritlo solution, a nioss-like coppery preci- 
iiitato whieli is highly charachTistic (lladow). 

^ ^ [AY. 0.) 



Friday, January 20, 1871. 


Sir Henry IIoLLA^D, Bart. M.D. D.C.L. F.H.S. President, 
in the Cliair. 

John Tyndall, Esq. LL.D. F.B.S. 

(ii NviLRvi in ihl uuv\l inshhtion, 

(hi the Colour of Water ^ and on the Scatterimj of L’njht in Water 
and in Air, 

The Method of Besearch, 

I3y the term “ seattcrin^ employed in tlie title of this discourse 
1 intend to d< note the irregular rellexion of light from partieles me- 
clianically .siispi'iuhd in \Miter or in air. Sueli partieli‘s, you know, 
ii'veal themselves along tlie track of a beam of light when it passes 
througli a dark room. Siicli a l)eam, wide at some parts and power- 
fully coneeiitiated at others, is now before you, the space it o(‘(‘npies 
bein;; accurately revealed by the floating inot(‘S. Wt5 can abolish tliis 
scattering either by the withdra^xal of the light or by the di'structiou 
of tlie floating matter, I partially intercc'pt this beam; the space 
corr^‘.s2)oiiding to the. i]itercel>ted portion is dark, becaiiso there no 
light is scattered. I destroy the matter by burning it, and sj)aces of 
darkiH'ss immediately appear \vhere a moment ago we liad myriads of 
shining motes. These experiments an* familiar to most of you. To 
see tljcse effects aright, it is necessary that the eye should receive 
light from the floating dust alone, which is thus diflerentiat(‘d, as 
philosophers say, from the unilluminated Ri>ace around it. This point 
is easily illustrated by means of the sun-burners which illuminate this 
room. When the gas is turned on the tiack of the beam sinks in 
brilliancy; nlicn the gas is tinned off the strength of the beam is 
augmented. 

The Oran EeJq>8c Expedition, 

During the Jjist two or three years I liave been l<x)king much at 
illuminaU'd dust, and from what I have heard or read of that halo or 
glory called the corona, which is seen around the sun during total 
eclipses, I thought it might bo cau.scd by a kind of solar dust, cast 
possibly into space by the enomious agitations and explosions to which 



LIBRARY OF SCIENCE 


255 

the sun’s photosphere is known to lie subject. Thoughts of this kind 
— and they wore not the only ones —made me wish to see the corona, 
and I therefore availed myself of the permission courteously giunted 
me to accompany the Eclipse Expedition to Oran. Every member of 
the expedition was, T believe, i>erfectly prepared through previous 
discipline to do his duty efficiently, and if the party was defeated it 
certainly was not through any misdeeds of its own. 

From the roof of the bastionet on which I had placed the excellent 
instrument lent to mo by my friend, Mr. WaiTcn de la Eue, I wit- 
nessed a very striking effect, which connects itself with this subject of 
the scattering of light. When all hope had vanished, and the darkness 
was obviously falling towards totality, I abandoned the telescope and 
looked bjwards a distant ridg(‘, where I know the darkness would first 
appear. At this time a vast fan of bc'ams, issuing from the hidden 
sun, covered all the soutliern sky. These beams, as you know, are 
alternations of light and shadow, prcKlueed by cloudlets of various 
degrees of density, floating in illuminated haze. The beams are really 
parallel, but by the effect of perspective thi‘y api)car divergent, like a 
fan. The darkness took possession of the ridge to which I have le- 
ferred, and in^mediately afterwards passed over the region of the beams, 
blotting them out as if a sponge had been passed over them. It then 
took possession of three sucec^ssive patches of blue sky in the south- 
eastern heavem. 1 again looked towards the ridge where the darkness 
first ajipeared. A glimmer like a dawn was behind it, and immedi- 
ately afterwards the fan of beams, which had been for two minutes 
obscured, revived in all its strength and splendour. The eclipse was 
ended, wo had been dt*featod, and nothing remained but to strangle 
disappointment by taking up other wwk. 

The Colours of Sea Water, 

The colour of the sea had long interested me, and on my w’ay out 
1 collected a number of bottles of water, with a view' to subsequent 
examination. But my bottles w'ere claret bottles, and I could by no 
means feel sure of their purity. At Gibraltar, therefore, I purchased 
fifteen white glass bottles, with ground-gloss stoppers, and at Cadiz, 
on my return, I secured a dozen more. These soven-and twenty 
bottles were filled with water, taken at ditfereiit places along the line 
between Algeria and Spithead. 

And hero it is most fit that I should express my acknowledgments 
to Captain ITenderson, the commander of II.M.S. ‘Urgent,’ who aided 
mo in my observations in every possible way. Indeed, my thanks 
are duo to all the officei s for their unfailing courtesy and help. The 
captain placed at my disposal his own coxswain, a handsome intelligtmt 
fellow named Thorogood, who skilfully attached a cord to each bottle, 
weighted it with lead, cast it into the sea, and after three successive 
rinsings, tilled it under my own eyes. The ct ntact of jugs, buckets, 
and other vessels, was thus avoided, and even the necessity of pouring 
the water out afterwards through the dirty London air. 
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Tho process of examination to which these bottles were subjected 
after my return to Tjondon is in some sense complementary to that of 
the microscope, and may, I think, materially aid inquiries conducted 
with that instrument. In microscopic examination attention is directed 
to a small portion of the liquid, and tho aim is to detect the individual 
suspended particles. By tho method I pursued, a large i)ortion of the 
liquid is illuminated, its general (‘ondition being revealed, through 
the light scattered by suspended particles. Care is taken to defend 
the eye from tho access of all other light, and thus defended, it be- 
comes an organ of inconceivable delicacy. Were tlic water perfectly 
free from matter, in a state of mechanical suspension, it would, in my 
opinion, scatter no light at all. The track of a liiminous beam could 
not, I think, bo seen in such water. But an amount of imj)urity so 
infinitesimal as to bo scarcely expressible in numbers, and the indi- 
vidual particles of whieli ar(i so small as wholly to elude the miero- 
scopo, may, when examined by the method alluded to, produce not 
only sensible but striking effects up(m the eye. 

For tho sake of sparing time, let us direct our attention to tlieso 
nineteen bottles, filled at various jdaces between (jibraltar and Spit- 
bead. Tbc results of the examination of the w^ater in these nineteen 
bottles are tabulated before you. We have first tliree specimens of 
W’ater, described as green, a clearer green, and bright green, taken in 
Gibraltar Harbour, at a point two mih's from tlio liarbour, and off 
Cabrota Point. What does the home examination r(‘vcal about these 
w’aters? It says that the first was thick wdtli suspended matter, the 
second less thick, and the third still less thick. Tho gre(‘n brightened 
as tho suspended matter hccaino less. We now pass suddenly into 
indigo water. What change does tho home examination reveal? 
The water becomes suddenly augmented in purity, for tlio sus])ended 
matter has become suddenly less. Off Tarifa, tho deep indigo dis- 
appears, and tlio sea is undecided in eolour. Ac(*f)inpanying this 
change, we have a rise in the (quantity of susjiendcd matter. B(‘yond 
Tarifa, w’e change to cohalt-blue, the susjiciuh'd matter falling at tho 
same time in quantity. This w^ator is distinctly piircjr than the green. 
We approach Cadiz, and at twelve miles from the city get into yellow- 
green water ; this the London examination shows to he thick with 
suspended matter. The same is true of Cadiz Harbour, and also of a 
point fourteen miles from Cadiz in the homeward direction. Hero 
there is a sudden change from yellow' -green to a bright (‘inerald green, 
and accompanying the change a siiddni fall in the quantity of sus- 
pended matter. Between (^ijie St. Mary and Cajie St. Viiu'ent tho water 
changes to tho deepest indigo. In point of puiitv, this indigo water is 
shown by home examination to transcend the ( nicrald-grecn watcu’. 

We now reach the remarkable group of rot^ks called tho Biirlings, 
and find tho wat6t between the shore and the rocks a strong green ; 
tho homo examination shows it to be thick witli fine matter. Fift(;cii 
or twenty miles beyond the Burlings wo come again into indigo water, 
from which the suspended matter has in great part disappeared. Off 
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Cape Finisterrc, about tbc place where the ‘ Captain ’ went down, the 
water becomes green, alid tbe home examination pronouncc'S it to Ik) 
thick(;r. Then we enter the Bay of Biscay, wliere the indigo resumes 
its powers, and where* the liomo examination shows the greatly aug- 
mented purity of the water. A second specimen of watt^r taken from 
the Bay of Biscay hold in suspension line particles of a ]»eculiar kind ; 
the size of them was sucli us to render tlie water richly iridescent. It 
showed itself green, blue, or salmon colour, according to the direction 
of tb<‘ line of vision. Looked at obliquely from tbe light tbc water 
was blue. Finally, w^e come to our last two botth s, the one taken 
opposite St. Catherine’s Lighthouse, in the Isle of Wight, the other at 
Spithcjid. The sea at both these jdaces was green, and both Ri>oci- 
mens, as might be cx])ected, were i)ronounced by the home examination 
to be thick with suspendcul matter. 

Two distinct series of observations liav(* been thus brouglit before 
you, tli(‘ one consisting of direct observations of tin* colour of the sea, 
eonduct‘Ml during the voyage from Cibraltar to Portsmouth ; the other 
conducted in our laboratory below stairs. And here it is to be note^l 
that in tlie home examination 1 never knew w hat water I hivd in my 
hands. Tbo labels, wdiich had written upon them the names of the 
lo<*alities, nad been tied n]> as you r<-c them here, all information regard- 
ing the S(mrce of the uatc'r being thus precluded. The bottles w^ero 
simply iiuml)ercd, and not till all the waters had l)een examined did I 
o])en th(' labc‘ls, and ascertain the locality and sea colours correspond- 
ing to the various specimens. I must, therefore*, have beem ])e‘rfeetly 
unbiasst'd in my home observations, aiul they establish boyoinl a doubt 
the association of the gr(‘on eedtmr of sea w'ater wdth fine suspended 
matter, anel the* assooiatieui of the ultramarine colour, and more espe- 
cially of the* black indigo hue of sea w^ator, with the comparative 
absence of such suspcnelcd matter. 

The C(tt(ftes of ilic Colours of the Sea. 

Let us ole-ar our way by a few experiments teiwarels an exjilanation 
of the* elark hue of the* doe*p oe*e*au.* Cedour, you know, resieles in 
white light, appearing ge*ne‘rally when any eonstitiieiit of the white 

light is withdrawn. Ilere* is a liquid whie*h colours a beam sent 

throiigli it jniiqde, anel this coleuir is immediately aecounteel for by 
the actiem c)f the s»)lution on a siiectrum. It cuts out the yedlow and 
green, anel allows red and blue tei pass through. The blending of 
tli(*se twe) colours produces the purple. Does the liquid allow’ abso- 
lutely five passage to the rod and blue? Ne>. It enfeebles tbo whole 


”■ A unto wiittcu to mo ll»o 22 rnl of October, by my fiiciid Canon Kingsley, 
cont ons tlu* following retVioncc to this h.avf* ncve*r seen tbo Lake of 

(jSoiK'v I, but I llioiigbt of tlio linlli.iiit, tL/.zling tbirV bliu- of Ibe^ mid Atlantic 
uiuUi liio sunlight, and Us black blno niule*r cloiul, biah so solid that one might 
le.i|) olV tin* spuismi <m to it without bar; tins was to me tlii^ most wonderful 
thing whirh I saw on iny voyage to and finm the AWst Indies.’’ — J. T. 


HS -Vol 2 I* 
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spectrum, but attacks with special energy tlic yellow and green colours. 
By increasing tlie tliicknoss of the strntuin travorscnl by the Iw'ain, wo 
cut off the w'holo of the spectrum. Tlirough tlu' deciMjr layer, wliich 
I now place in the path of the beam, no colour can pass. Here, again, 
is a blue liquid. Wliy is it blue ^ Its action on the spectrum nus\\ e rs 
the question. It first extinguishes tlio red ; then as the thickness 
augments it attacks tlie orange, yellow, and green in succession ; tlio 
blue alone finally remains, but everything might be extinguished by a 
sufficient depth of the litpiid. 

And now we arc pre])ared for a concentrated but tolerably com- 
plete statement of tlie action of sea water upon light, to which it ow'cs 
its blackness. Here is our .sp(*ctrum. This ('inhraces three classes of 
rays — the thermal, tluj visual, and the chemical. These divisions 
overlap each other ; the thermal rays are in part visual, the visual 
rays in part chemical, and rice versn. The vast body of thermal rays 
is here beyond the red and invisible. Tiny an' attacked with exceed- 
ing c'uergy by water. They are alisorbc'd close to the surface of 
the sea, and arc the great agents in evaporation. At the same time 
the whole spectrum siifiers cnfeeblcment ; watt'i* attacks all its rays, 
but wuth different degn c's of energy. Of tlie visual rays th(‘ red are 
attacked first, and first extinguislRd. Whih* the red is extinguished, 
the remaining colours are enfeebled. As the solar Ix'am plunges 
d('cper into the sea, orange follows red, yellow follows orange, green 
follows yellow^, and the various shades of blue', wlu'rc the water is deep 
enough, follow' gret'ii. Absolute extinction of the solar beam w'ould bo 
th(‘ conscqu('nc(‘ if the wat( r were deep and uniform, and contained no 
suspended matter. Such water would be as black as ink. A rc'flc'cted 
glimmer of ordinary light would reach us from its surface, 11,^ it would 
fVoin the suifaco of actual ink; but no light, h('iic(' no colour, w'ould 
leach us from the body of the W'ater. In very char and very de('p sea 
water this condition is 'approximately fulfilled, and hence the extra- 
ordinary darkness of such water. The indigo, to which I have already 
referred, is, I believe, to lie ascribed in part to the suspended matter, 
which is never absent, even in the purest natural w’ater, and in 2)*'^rt to 
th(‘ slight reflexion of the light from the limiting surfaces of strata of 
different densitu'S. A modicum of light is thus thrown back to the 
eye, before the deiith necessary to absolute extinction has Ix'en 
attained. An effect precisfdy similar occurs under the moraines of the 
Sw'isH glaciers. The ice here is exceptionally compact, and owing to 
the absence of the internal scattering common in l)ubhl( d ice, tho light 
pluiig('s into tho mass, is extinguished, and the peifectly clear ice 
presents an appearance of jiitehy blaekncss. 

Tlie green colour of the s(‘a when it contains matter in a stjate of 
mcclianical suspension has now to be accounted f(»r ; and here, again, 
let us fall back upon the sure basis of ('XperiiiK'ni. This whito phito 
W'as once a complete dinner-plate, very thick and strong. It is, you 
see, surrounded securely by cord, and to it a h'ad wciglit is fastened. 
Forty or fifty yards of strong hempt'n line w('re attaelu'd to the plate. 
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With it ill his hand, my asuistant, Tliorugiiod, occujjiod a boat fastened 
as usual to the davits of the ‘ Urgimt/ while I occupied a second boat 
nearer to the stem of the ship, lie cast the plate as a mariner heaves 
the lead, and by the time it had reached iiu', it had sunk a considerable 
depth in the water. In all cases the hue of this jilate was f^recn, not, 
of course, a pure green, but a mixture of green and blue ; and when 
the sea was of the darkest indigo, the green was the most vivid and 
jironounced. I could notice the gradual deepening of the colour as 
the plate sank, but at its greatest depth in indigo water the colour was 
still a blue green. 

Other observations confirnK‘d this one. The ‘Urgent’ is a screw 
steamer, and right over tlic blades of the screw theie was an orifice 
called the screw -vm 11, through which you could look from the poop 
down upon the screw. The surface glimmer which so pesters the eye 
was hero in a great measure removed. Mhbvay dowm a plank crossed 
the screw well from side to side, and on this I used to place myself to 
observe the action of the screw underneath. The eye was rendered 
sensitive by the moderation of the light ; and still further to remove 
all disturbing causes, Lii*utenant Walton had the great kindness to 
have a sail ai^d tarpaulin thrown over the mouth of the well. Under- 
neath this I perched myself, and watched the screw. In an indigo 
sea the play of colours was ind<*scribably b(‘autiful, and the contrast 
between the w'ater which had the screw-blades for a background, and 
that wdiich had the bottom of the ocean as a background, was extra- 
ordinary. The one was of the most brilliant green, the other of the 
most lustrous ultramarine. The surface of the water above the screw- 
bladc was always rutiled. Liquid lenses were thus formed, by w^hich 
the coloured light w’as withdrawn from some places and concentrated 
upon others. The screw-blades in this case replaced the plate in the 
former case, and there were other instances of a similar kind. The 
hue from an indigo sea was always green at a certain depth below the 
surface. The white bellies of the porpoises showed the same hue, 
varying in intensity as the creatures swung to and fro between the 
surface and the de(‘j)er water. In a rough sea the light which had 
I)eiietiated the summit of a Avave sometimes l eached the eye. A beau- 
tiful green cap w'as thus placed upon the wave when the ship was in 
indigo water. 

But bow is this ctdour to be connected with the suspended par- 
ticl(‘s? Take the dinner-jdate wdiich sliowed so brilliant a green when 
thrown into indigo water. Suppose it to diminish in size until it 
reached an almost microscopic magnitude. It would still behave sub- 
stantially as the largt‘r iilate, sending to the eye its modicum of green 
light. If the plate, instead of being a largo coherent mass, Averc 
ground to a pow^der sufticiently fine, and in this condition difiu«ied 
through the clear sea Avater, it would send green to the eye. In fact, 
the suspended particles which the home exaini nation revealed in green 
sea water act in all essential particulars like the plate, or like the 
screw-blades, or like the fo;un, or like the bellies of the porpoises. 
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When too gross, or in too great quantity, the suspended particles 
thicken the sea itself visibly. But when sufficiently small, but not too 
small, and when sufficiently diffused, they do not sensibly interfere 
with the limpid greenness of the sea itself. They then require the 
stronger and more delicate test of the concentrated luminous beam to 
reveal their presence. 

Suspended Particles in Drinking-water, 

The method employed here, and which is one of extreme simpli- 
city, may be extended. It may of (*ourse be applied to the examina- 
tion of ordinary water, and when this is done unexpected results are 
sometimes obUined. Here, for instance, is a bottle of water intended 
to quench the lecturer’s thirst, and it would be well f(>r the lecturer 
not to scrutinize it too closely. In the track of the beam of light it 
simply reveals itself as dirty water. So you sec that wo are invaded 
with dirt not only in the air w’e breathe, hut in tlie water we drink. 
And this w'ater is no w'orsc than the other London waters. Thanks to 
the kindness of Professor Frankland, I have been furnished. wdth spe- 
cimens of the water of eight London companies. They arc all laden 
with impurities mechanically suspendtul. But you will ask whether 
filtering will not remove the suspended matter? TJic grosser matter, 
undoubtedly, but not the more finely-divided matt(T. Here is water 
which has been passed four times through a filtc'r of bibulous })aper, 
but it is still laden with fine matter. Here, also, is a bottle kindly 
lent me by Mr. Lipscomb, and passed once through his charcoal filter. 
But the track of tlio beam through it is more luminous than through 
air, because the quantity of matter suspended in the water is great('r 
than what is suspended in air. Here is anotlior specimen qgurteously 
sent to me by the Silicated Carbon Company. All the grosser matter 
has been removed, but it is thick with fine matter. Nine-huiths of 
the light scattered by these particles is perfectly ixdarized in a direc- 
tion at right angles to the beam, and this release of the particles from 
the ordinary law of polarization is a demonstration of their smallness. 
I should say by far the greater number of the particles concerned in 
this scattering are wholly beyond the range of the microscope. They 
are so small that I do not think that any filter can intercept them. I 
do not want to frighten you in any way, for our drinking-water may 
be harmless — ^it may be only nasty. There is an H'sthetic pleasure in 
the drinking of a glass of cold sparkling w^atc r, and I fear these expe- 
riments will destroy this pleasure if you ever enjoyed it. And it is 
next to impossible by artificial means to produce a pure water. Mr. 
Hartley, for example, soiin^ time ago distilled water while it was sur- 
rounded by hydrogen, but the water was not free from floating matter. 
Here is a specimen obtained from the combustion of water in air, the 
aqueous vajKiur being condensed by the polished surface of a chilled 
silver basin. When shaken up it is full of fluff and particles, coarse 
and fine. It is so hard to be clean in the midst of dirt. Here, how- 
ever, is on approach to pure water. It is from the Lake of Geneva, 
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and the bottle was carefully filled for me by my distiiigiiisljed friend 
Sor( 5 t. Tlu! water has remained qniet for a good while, and its purity 
is ill part to be ascribed to tluj subsidiniee of the particles. The track 
of tlie beam through it is of a ddicate sky-blue ; there is scarcely a 
trace of grossi'i* matter. 

Tlie pur('st water tliat I liave obtained -probably the purest which 
has been bo^m hitlierto —lias been obtained from the fusion of selected 
specimens of ice. Hut extraordinary precautions are required to 
obtain this degree of purity. Here is an aiqiaratus devised and con- 
strucled by Mr. Cottrell for this jmrpose. Throiigli tlie plate of an 
air pumi) passes the sliank of a large funnel, attaclu'd to which below 
the plate is a series of glass bulbs. Tn the funned is placed a blo(*k of 
the most transparent ice, and over the funned is a glass receiver. This 
is lirst exhausted and rehlled several time's witli air, which has been 
filtere'el by its ]}assago tlirough eeitteui \soe)l, the ice be'ing thus sur- 
rouneled by abseibitely i>ur(' motedess air. Ihit the ice has ])re‘vie>usly 
been in ceuitaet witli mote'-lilled air; it is tluTedeu'e necessary to let it 
wash its own face, anel wash the bulb whie h is to receive the water of 
liepu'faeliein. Tlie icc is pcTiuitted te) melt, the bulb is filh'd several 
time s and euij.l^ d se veral times, until finally tlie‘ large block elwindles 
to a small one. We may be sure that all impurity has been thus 
re'iiieived from the surface eif the* ice. ddi(‘s(' two bulbs contain water 
obtaiiK'el in this way, the purity e)f ^\bich is the maximum hitheTto 
attained. Still T should hesitate tei call the an o ter absedutely ]>uro. 
When the' e'onee'iitrate el beam is seait threuigh it the track of the beam 
is ne»t invisible, but of tlu‘ most exeiuisittly de*licate blue. This blue 
is 2)ur(‘r tliaii that of the sky, so the matti'i* A\hieh 2>roduces it must be 
tiiK r than that of the sky. Loolo'd at piTpiuidicularly to the beam the 
blu(’ may be ([uit(‘ qiu'iiched by a Nicol’s iirism. It may b(\ and 
imh-i'd has bei'U, conti'nih'd that this blue is scattiTed by the wvy mole- 
cules of the ANator, and not by matUr susjiended in it. But A\hcn aa^o 
remember that this perfection of blue is aiiproached gradually through 
stages of li'ss 2H‘rfcct blue, and avIkui aa(' remember that a blue in all 
ri'spects similar is demonstrubly obtainnbh' from jiarticles mechani- 
cally sus])ended, we should hesitati*, I think, to conclude that aac have 
arri\ed here at the last stage of juirifieation. The evidence, I think, 
])oints distinctly to the comdiision that couM aac juish the ju’ocess of 
jmrifieation still fartlu'i*, cA^eii this last delicate trace of blue AA'ould 
disapjiear. 

l)r. Ik'iicc' Jones ])ro])osed to me a fo\A' days ago to exjircss nume- 
rically the degr(‘('s <»f inijiurity arising from mechanical susjAcnsion. 
d^liis ic(‘ AAater might be calk'd the standard, or “■ 1,” all higher degrees 
of imjuirity being marked by higher numlx rs. Such a method Avanild 
undoubtedly give distinctn(\ss to our language in sjicaking of water. 
But my aim is to jioint out a means of extremo simjdicity by which 
microscopic examination may be iioAAcrfully aidid and supplemented. 
Five minutes’ insjAcction of a Avater in this AAay will teach you more 
regarding the quantity of inqmrity th.an AAludii days siient Avith the 
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microscope. The microscoi>c is rightly employed in determining 
the character of the individual particles which are revealed en masse 
by the luminous beam. 

Drinhimj-water from Chalk Districts, 

But is it not possible to match the water of the Lake of Geneva 
here in England ? Undoubtedly it is. We have in England a kind 
of rock which constitutes at once an exceedingly clean recipient and a 
natui'al filter of extraordinary efficacy, and from which wo can obtain 
water extremely free from mechanical im 2 )uritics. I refer to the chalk 
formation, in which large quantities of water are bold in stori\ Our 
chalk hills are in most cases covered with thin layers of soil, and witli 
very scanty vegetation. Neither oj^posc's much obstacle to the entry 
of the rain into the chalk, where any organic impurity which the wato]* 
may carry in is soon oxidized and rendered harmless. Tlioso who 
have scampered like myself over the downs of Hants and Wilts will 
remember the scarcity of water in those regions. In fact, the rain- 
fall, instead of washing the surface and collecting in streams, sinks 
into the fissured chalk and percolates through it, and when this forma- 
tion is suitably tapped we obtain water of ('xceeding briskness and 
purity. Here is a large globe filled with the water of a well near 
Tring. It is wonderfully free from mechanical impurity; indeed, it 
stands to reason that w'atcr w'holly withdrawn from surface contami- 
nation and percolating tlirough so clean a substance sliould Ixi pure. 
Sending a beam through this glass of w'ater its purity is conspicuous ; 
you see the track of the beam, but it is not the thick an<l muddy 
track revealed in London waters. It has been a subject much de})ated 
whether the supply of excellent water which the chalk holds in store 
could not be rendered available for London. Many of the most c iui- 
nent engineers and chemists have ardently recommended this source, 
and have sought to show that not only is its j)urity unrivalled but 
that its quantity is 2 )raetically inexhaustible. Data sufficient to test 
this are now, I believe, in existence; the number of wells sunk in the 
chalk is so considerable and the quantity of wabr which tiny yield is 
so well known. 

But this water, so admirable as regards freedom from mechanical 
impuiity, labours under the disadvantage of being very hard. It is 
rendered hard by the large quantity of carbonate of lime which it 
holds in solution. The chalk water in the neighbourhood of Watford 
holds in solution about 17 grains of carbonate of lime per gallon. 
Tliis, in the old terminology, used to bo called 17 degrees of hard- 
ness. Now this hard water is bad for tea, bad for wasliiiig. It furs 
your boilers, becaiuse the lime held in solution is piecipitated by 
boiling. If the lyater be used cold its hardness must be neutralized 
at the expense of soap before it will give a lather. I remember being 
struck by the enormous quantity of soap wasted in a washing i sta- 
blishmcnt in Hampshire through the hardness of the water. Tins of 
itself would seem an insuperable objection to the use of chalk water in 
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London. But the objection lias now been successfully met by the 
experimental demonstration that such water can be softened inexpen- 
sively and on a grand scale. I had long known the method of soft- 
ening water called Clark’s process, but not until ri'ccntly did I see 
proof of its application in the case of large communities. The chalk 
water is softened by Mr. ITomersham at Caterham, at Canterbury, and 
at the Cliiltern Hills for the siqiply of I’ring, Aylcshiiry, and other 
places. 

I have visited all these places, and made myself acquaintcnl with 
the works. At (\interbury th<‘re are three reservoirs covered in and 
protected by a concrete roof and layers of pebbles both from the 
summer’s heat and the winter’s cold. Each reservoir contains 120,000 
gallons of chalk water. Adjacent to these reservoirs arc others con- 
taining pure slaked lime — the so-called “cream of lime.” These are 
filled witli water, the lime ami water being thoroughly mixed by air 
forced in by an engine through apertures in the bottom of the reser- 
voir. The water thus well mixed with the lime soon dissolves all of 
this substance that it is capable of dissolving. The lime is then 
allowed to subside to the bottom, leaving a pi^fectly clear lime water 
behind. 

The object is now to soften the clialk w'ator. Let us suppose one 
of the three larg(! reservoirs empty ; into this is introduced a certain 
quantity of the clear lime water, and after this about nine times the 
quantity of the chalk water. The transi)arcncy immediately dis- 
aj)pears the mixture' of the two clear liquids becomes thickly turbid. 
The carbonate of lime is precipitat'd, and the reservoir being now 
full the precipitate is permitted to subside ; it is crystalline and 
heavy, and therefore sinks mpidly. In about twelve hours you find 
a layer of pure white carbonate of lime at the bottom of the reservoir, 
with a water of extraordinary beauty and purity overhead. A few 
days ago I pitched some halfpence into a reservoir 16 feet deep at the 
Chiltern Hills. The 16 foot hardly perceptibly dimmed the coin. 
Had I cast a ])in in, it could, I am persuaded, have been seen at the 
bottom. By this process of softening the water is reduced from about 
17 degrees of hardness to 8 degrees of hardness. It yields a lather 
immediately. Its teinperalurc is constant throughout the year. In 
the hottest summer it is cool ; it does not freeze in winter if con- 
veyed in ])roper pipes. It is not exposed to the contamination of 
cither earth or air. The reservoirs are covered ; a leaf cannot blow 
into it, no surface contamination can reach it, it passes direct from 
the main into the house-tap ; no cisterns are employed, the supply is 
always fresh and pure. It is highly charged with air. This is the 
kind of water which is supplied to the fortunate people of Canterbury. 

Let me show you a specimen of this softened water, and as the eye 
is eminently an organ of relation, needing comparison to judge aright, 

I will subject to the gauge-test a globe of water taken out of our 
cistern down-stairs, and a globe of water taken a few days ago from 
one of the reservoirs at the Chiltern Hills. Here are two electric 
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lamps, connected with two batteries domi-stairs. I send the beams 
through both of them, first permitting the globes themselves to act as 
lenses, and afterwards converging the beams upon them with glass 
lenses. You can judge of the difierence without any word of mine. 

The Water Supply of London, 

The purity and goodness of this chalk water are demonstrable, and 
if wo like it hard we c>an have it hard ; if we like it soft wo can have 
it soft. It lends itself to om* purposes with perfect flexibility ; the 
solo doubtful question is the adequacy of the supply for three millions 
of people. But lot us take some common ground. On all hands it 
will be admitted that largo — I will not say “ vast ” quantities of this 
beautiful water run to waste. Why should this bo permitted? If 
the chalk is unable to suj)ply the wants of three millions, it is cer- 
tainly able to supply the wants of a smaller number. Supposing it 
competent to promote health, cleanliness, and comfort among one- third 
of the population of London, why not apply it to those uses ? Why 
should a valuable treasure bo lost, because it does not possess three 
times its actual value ? 

Let your expectations be as moderate as you like, only make the 
trial. That trial, of \^hich the success is demonstrable, will solve the 
larger question whether the chalk is able to supply the whole of 
London. In moral matters it is our duty to realize our best insight. 
Let us do so hero. By honestly doing A\hat we can with this chalk 
water, wo shall learn the limits of our action. A small good is cer- 
tainly within our reach, and by accepting it we may disclose possibly 
an incalculable benefit to London. 

[#. T.] 



Friday, January 27, 1871. 

Sir Henry Holland, Bart. M.D. D C.L. F.E.S. President, in tlio Chair, 
William Odlino, M.B. F.E.S. 

MJILl-RIAN J'ROF1'‘'SOR OF CIIFMISTR^, ROYAL I^STITI TION, 


On Improvements in the Manufacture of Chlorine, 

Chlorine gas was first obtained in 1774 by the Swedish chemist, 
Scheele, as a product of the action of muriatic acid — or marine acid, 
as it was then called— on the black earthy mineral manganese. In 
accordance with the theoretical notions of the day, Scheele gave to his 
newly-discovered aerial substance the name dophlogisticated marine 
acid, which, translated into the language of the new Lavoisierian 
sehool, becanu' aftcrwaids o\y-miiruitic .u*id. It'^ assumed con- 
stitution, and rolationsliip to muriatic acid are iiidicatul behn\. 

Miiiiatic acid 


Iljdiogdi Chlorine 

H} (lio-Cdi h ()\v^di Aliiiinm 1- ()\\f'di 

A\al(i Jlvpotlittic di} muiLitic neid 

Ihit Davy, in ISIO, sliowid that uuiruitic acid gas is a substance 
wholly free from w’atcr, and a didhiitc compound of Schcele’s gas with 
h^^diogcn. lie showed fuitlur that Scheelo’s gas, the so called o\y- 
inuiiatic acid, was not only incapable of furnishing oxygen under any 
circumstance whatever; but that, so far as experieneo w^ent, it was 
nltog(‘ther undecomposable Being thus an uudecompoundod and 
apparently undecoiiiposable substance, he proiiosed to regard it as an 
clement, and to designate it, from its yellowish-green colour, by the 
name chlorine, which it has ever since borne. After considerable 
ojiposition, especially on the part of Berzelius, who subsec|uently, 
however, became a convert, the view' of Davy at length prevailed, 
and has ever since held its ground, not indeed without occasional 
challenging, from time to time. Thus Schonbein, in several of his 
letters to Faraday, maintained very strongly the superior truthfulness 
of the original view ; and still more recently Brodie has represented 
the comparable units of hydrogt'ii H^, muriatic acid HCl, and chlorine 
Cl., by the symbols a, av, and implying that the units of muriatic 
acid and chlorine differ from the unit of hydrogen by a coiiibination 
of the matter of a with the matter of p/ and with the matter of re- 
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spectivcly. But whatever may herealter prove to bo its real nature, 
chlorine has hitherto proved iindecoinposable, and is aceordinjrly 
regarded by the generality of chemists as an element. 

Coincident with the discovery of chlorine itself was the discovery 
of its most characteristic property, that of bleaching vegetabhi colours. 
The petals and leaves of plants, infusions of their several colouring 
matters, as well as fabrics dyed with the several colouring matters, 
were found to bo rapidly bleached when treated cither wdth chlorine 
gas, or with a solution of the gas in w'ater. From the ra])id action 
of the gas and its solution on proiumnccd vegetabh' colours, Ilerthollet 
in 1785 conceived the notion that chlorine in one form or other might 
be uscil with advantage commercially for the bleaching of calicoes 
and liiK'iis, theretofore ahvays bleached by a tedious e\posure to air 
and sunlight. The processes devise d by Berthollet for carrying out 
the new method of bleaching were' introduced into Scotland in 1787, 
anel se^on aftejrwards became extensively euni)loy(‘d. Wove n fabi ics 
were bh'aclied by immersieui in chlorine water, anel paper-pulp inoiv 
especially by c\p(»sure to chlorine gas. 

The bleaching action of chhninc takes place only in i)rese‘nce 
of water or moisture, and is dependent on the property of chlorine 
under suitable circumstances to decompose water, by uniting with 
its h^-drogon to fe)rm muriatic aciel, and so setting fre'o its oxygen, by 
which the bleaching is really eflTected. Thus when chlorine, blue 
indigo, and water arc present together, the opposite tendencies of the 
chlorine to take hydrogen, and of the indigo to take oxygen from the 
w’ater, are satisfied by the production of chloride of hydrogen or 
muriatic acid on the one hand, and of oxide of indigo or isatin cm 
the otlicr, this isatin being a soluble orange-red non-tinctorntl body : 

Cb + H'o 4- (\Il,X() 211(1 4- (\lb\(>2. 

Thus bleaching by the action of chlorine, like bleaching by exposure 
to air, is really an act of oxidation. 

But the action of chlorine on vegetable fabrics is not confined to 
that of bleaching their attached colouring matter ; the fibre of the fabric 
is itself liable to be attacked both by the free chlorine and the muriatic 
acid to which it gives origin. Hence it became im])ortant to find a 
substitute for the free chlorine wdiich should have, like it, the pro- 
perty of lil>erating nascent oxygen so a.s to bleach, but should not 
have, at any rate in the same degree, the property of corrosiveness so 
as to destroy. Such a substitute is offered in the familiar compound 
known as bleaching powder, intro<liiced into commerce by the Messrs. 
Tennant, of Glasgow, in the year 1799. This substance is made by 
exposing slaked lime to an atmosphere of chlorine gas. ’ The chlorine 
enters into combination with the lime of the slaked lime, to furnish a 
product which in practice contains some 35 per cent, of its weight of 
chlorine, and consists of a definite compound of lime with its own 
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weight of chlorine, plus a variable excess of slaked limo unacted 
upon : 

CaO . H^O + Cb = CaOCl^ + U^O. 

Bleaching powder occurs as a dry white pulverulent solid, having 
a characteristic smell, allied to but not identical with that of weak 
chlorine. It dissolves considerably in water to form a yellow-tinted 
liquid, known as bleaching liquor, having a marked alkaline reaction 
from the presence in it of excess of lime. Coloured goods immersed 
for a longer or shorter time in bleaching liquor of greater or less 
strength and temperature, gradually have their colouring constituents 
destroyed or oxidated, the bleaching salt CaOCl,., losing its oxygen, 
and becoming changed into chloride of calcium, CaCl«. It is ob- 
servable that the bleaching or liberation of nascent oxygen from 
bleaching powder is much slower than the bleaching or liberation of 
nascent oxygen by means of free chlorine ; to such an extent, indeed, 
that for many purposes bleaching powder would be quite inapplicable, 
were it not for the property it has of liberating chlorine on acidifica- 
tion, whereby n still indirect but yet almost immediate oxidation is 
cfiected. T/‘n of bleaching powder, for instance, mixed with a 

little sulphuric or muriatic acid, will evolve some four cubic inches of 
chlorine gas : 

CaOCl, + ILSO, =- + (^1, + (V'SO,. 

The superior activity of the cliloriiu' libomted by acidification of 
blcacliing liquor to the original bh aching liquor, is taken advantage 
of commercially. Brown limuis, for example, are first steeped in 
weak blcacliing liquor w ith little apparcTit result, and then “ soured ’* 
by immersion in dilute acid, whereby an immediate more or h'ss com- 
plete bleaching is etlectcd. Again, in wdiat is known as the “discharge 
style patterns or designs are printed with a mixture of gum and 
tartaric or otluT acid, upon a n'd or blue giound, and the printed 
fabric passi d through a solution of bleach. The red or blue ground 
withstands the feeblcT action of the bleach, but the acid printed 
pattern becomes comjiletely decolorized by the chlorine set free 
locally, as a result of the action of the acid ujion the bleach. It is to 
this facility of management and capability of being used in diflerent 
ways that the great utility of bleaching powder and its conscipicnt 
enormous consumption are due. The amount of bleaching powder 
made annually in Great Britain and Ireland at the present time is 
estimated at 75,000 tons, representing at the price of ten pounds a 
Um, a value of three-quarters of a million sterling. 

Bleaching powder being foniied by exposing slaked limo to an 
atmosphere of chlorine, the inaiiufncturo of bleaching powder involves 
the production of chlorine. Indeed, chlorine is produced at chemical 
works almost exclusively for the manufacture of bleaching powder, 
and of one other product, namely, chlorate of potash. This latter is 
made to the extent of about 750 tons per annum, having at the price 
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of one hundred and five pounds per ton, a value of nearly 80,000Z. 
sterling. 

The original reaction upon one another of muriatic acid and 
peroxide of manganese, by which Schecle was led to the discovery of 
chlorine, is the basis of the manufacturing process which has ever 
since been almost exclusively followed. The action consists essen- 
tially in the excessive oxygen of the peroxide taking away tlie hydro- 
gen of the muriatic acid and so setting its chlorine free. Peroxide of 
manganese, more often called simply manganese, is one of tliat very 
limited class of native mineral substances containing an excess of 
oxygen ; the only other similarly peroxidized substance abundant in 
nature being nitre, in its two forms of East Indian or potash-nitre, 
and Chilian or soda-nitre. Now, when muriatic acid instead of being 
acted on by manganese is acted on by nitre, or by the nitric acid, 
formerly known as spirit of nitre, produced therefrom, the excessive 
oxygen of the nitre takes away hydrogen from the muriatic acid and 
sets its chlorine free. Thus b}*^ addition of nitric acid or nitre to 
aqueous muriatic acid a solution of chlorine is produced, recognizable 
in various ways, and especially by its power of dissolving g(dd leaf. 
Now, although nitre or nitric acid is a much more expensive oxygenant 
than manganese it was conceived that nitric acid might nevertheless 
be substituted with advantage for niaiigaiu'.se, from the (‘ircnmstanco 
that after it liad given up its excessive nxyg(‘n so as to liherati' the 
chlorine of the muriatic acid, its deoxidizc'd residue (*oul(l readily 
acquire fresh oxygen from the atmosphen*, and so reproduce nitric 
acid, to bo used as an oxygenant over and over agai»i iudotinitely ; and, 
indeed, the nitric method of producing chlorine has for some time 
past been to a limited extent in actual use. 

With regard to mauganc'Si*, however, until recently iio means havo 
been known of causing its deoxidized residue to r(‘-a(‘qiuro oxygen 
from the air, and so become in a condition to sm vo again for tlu‘ libe- 
ration of chlorine. From time to time, more particularly ])y ^lessrs. 
Tennant and Mr. Wm. (xossago, attempts have been made in this 
direction, some of them so far successful as to achieve a limited adop- 
tion ; and at length a process of reviving the sj)ent mangam'se r(jsi<luG 
by cifecting its aerial oxidation, lias provc'd a dt'cidod commercial suc- 
cess. This process, introduced by Mr. Walter Weldon, has tlio inci- 
dental advantage of doing aw^ay with the discharge of th(3 extrcna ly 
corrosive manganese liquor into streams and w'atcrcourses, whereby 
great damage was frei^ucntly occasioned. It consists substantially 
in neutralizing with chalk, tho acid liquor left by tho action of tho 
muriatic acid on the manganese, and thou pumping air through tho 
neutralized liquor mixed with excess of lime. The original acid 
liquor is substantially a solution of chloride of manganese with per- 
chloride of iron, chloride of aluminum, chlorido of calcium, and tho 
excess of chlorido of hydrogen, or muriatic acid, cmjiloyod. By neu- 
tralization of tho acid liquor with chalk, tho iron of tho porchlorido 
of iron is precipitated, and a palo pink manganous solution left. By 
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treatment of this solution with milk of lime, an almost white precipi- 
tate, consist iiif' of hydrated protoxide of manganese with excess of 
hydrate of lime, is thrown down. Then by blowing air through 
the resulting tiiin sludge, raised to the temporaturo of 140'^-160° F. 
by injection of steam, oxygen is rapidly absorbed, and the sludge 
rendered of a deep black colour By subsidence the now black sludge 
yields a dense deposit, from which the supernatant clear liquid is 
run off. Finally, the deposit in its moist condition, and containing in 
every cubic foot about four pounds weight of peroxide of manganese, is 
acted upon by muriatic acid in the chlorine stills, and the resulting 
acid liquid treated over again in the same way, and so on indefinitely. 

Already the Weldon process of manganese rc^btoration is employed 
and about to be employed at many large works, to such an extent that 
before very long one-half of the entire quantity of bleaching powder 
produced in the kingdom may be expected to be made with chlorine 
generated by means of the restored manganese. It is noteworthy that 
the original pale precipitate of hydrated protoxide of manganese 
undergoes oxidation very imporft'ctly save in presence of a consider- 
able excess of lime, and that the black product finally obtained is not 
simply peroxido of manganese MnOa, but a compound of the peroxide 
with lime, of composition varying in difft rent instances bcdwcon that 
indicated by the respective formulie CaO.MnO^ and Ca0.2Mn0^, 
a small portion of the lime CaO being usually replaced by its equi- 
valent of protoxide of manganese MnO. Some idea of the rapidity of 
oxidation (‘ffeeb'd under favourable circumstances may Ix) gathered 
from the fidlowing result. Of the entire quantity of oxygen contained 
in 175,000 cubic feet of air blown into the sludge within five hours, 
14*8 per cent., equal to rather more than four hundredweights, was ab- 
sorbed in the production of twenty-two hundred w^oights of manganese 
peroxide Mn(h. It is obvious that whore Widdon’s process is 
carried out, what happens is this : — The original peroxide of inaugan- 
cso first oxidizes a quantity of muriatic acid, and sets free its 
idilorine. Tlien tho spent mangmioso is caused to acquire a fresh 
dose of oxygen from the air, and is used to oxidize a fresh quantity 
of muriatic acid, and so on continuously. Thus, except during the 
first use of tho manganese, tho muriatic atdd is really oxidized by 
the oxygen of the air, the manganese serving only as a currier. 
Latterly, Mr. H. Deaet)n, of the Widiies Alkali Works, has conceived 
the idea of dispensing with the carrier — that is the manganese — 
altogether. It has been known for some time that when muriatic 
acid vapour mixed with air is passed through heated tulies, tho oxygen 
of tho air effects a partial oxidation of tho muriatic acid, setting free 
its chlorine ; but the reaction is not sufliciently complete to render the 
process commercially available. Mr. Deacon however has ascertained 
that when a mixture of air and muriatic acid vaiiour, heated t(> about 
700^ F., is passed over a miuss of brickw^ork that lias been steeped 
in solution of sulphate of copper and afterwords dried, an almost com- 
plete decomposition of the muriatic acid is effected. The copper salt 
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certainly takes part in the reaction as an intermediary, but in the 
end is quite unaffected, the sole obvious result being that the chlo- 
rine of the muriatic acid is set free by the oxygen of the air, with a 
rapidity which seems to leave nothing to be desired. The nature of 
the intermediary action exerted by the copper-salt, so ingeniously 
mode serviceable by Mr. Deacon, has not been clearly ascertained. It 
would appear, however, that by two simultaneous reactions taking 
place continuously throughout the process, chloride of copper is ever 
being alternately formed and dcctunposed ; it being remembered that 
chloride of copper gives off a portion of its chlorine with much 
facility, even by heat alone. The extreme result would i)robttbly bo 
somewhat as follows : 

CuCb + 0 = CuO + 01., 

CuO + 2HC1 =- CuOb + IJjO 

Although this new process has not yet been worked on a manu- 
facturing scale, considerable experience has been acquired mth re- 
gard to it, and the difficulties to which it at first seemed liable have 
been successfully provided against. One inevitable difficulty arising 
from the diluteil state of the produced chlorine, has proved to be less 
serious tlian was anticipat(‘d. This state of dilution is at all tiiiu's 
oonsidcrahlo ; for the clilorino being gentu’iitc'd by tluj action of 
atmospheric oxygen on muriatic acid, evt ry volume of chlorine pro- 
duced ev('n in an absoluttdy perfect working of the procc'ss, must be 
necessarily diluted with twice its volume of atmos])lu‘ric nitrogcui. 
Nevertlieloss, according to. ]Mr. Deacon’s experience, tin' diluted state 
in which the chlorine is always obtained, has not beeiUMfound to 
interfere with its application to the manufacture either of chlorate 
of potash or bleaching ^powder. Tlie requisite jdant for carrying 
out the invention on a large scale is now being erected at Messrs. 
Gaskell and Deacon’s works. 

For experimental purposes the new process of continuous ehloriuo 
production may bo performed with oxygen instead of air. Tt then 
manifests a striking reverse relationship to a process of continuous 
oxygen production, in wliicli oxide of cobalt acts as a permanent 
intermediary. In the one experiment the gas goes iii oxygen and 
comes out clilorine, muriatic acid being decomposed and water formed. 
In the other experiment the gas goes in clilorino and comes out 
oxygen, water being decomposed and iiiuriatio acid foriiu'd. In the 
presence of slaked lime to arrest the muriatic acid, this last rea<*tioii 
takes place readily and completely below the boiling point of water. 

[W. O.J 



Friday, February 3, 1871. 

Siii IlENity Holland, 13art. M.D. D.C.L. F.II.S. Prebideut, 
ill the Chair. 

W. Spottiswoode, Escj. M.A. Troas. K.S. and K.I. 

On some E.i' 2 )erimeni 8 on Successive Polarization of Lifjhl made by 
Sir C. WhmtsUme, 

The experiments wliifh formed the subject of this discourse were made 
by Sir Cliarles Wheatstone some years aj'o, but tlie pressure of other 
avocations delayed their publication. The t(u*m “ Successive polariza- 
tion’* was applied by Biot to denote the etfects pnKluced when a ray 
of polarized li^ht is transmitted througli a j)latc of rock crystal cut 
perpc'iidicnlarly to the axis. The plane of polarization is found to be 
changed on emoj’mmcc and through a different angle for each horaoge- 
innnis ray. 'L'ho introduction of instrumental means for converting 
the plane polarization of tlie ordinary apparatus into successive, or, as 
it is more commonly called, ciicular jxdarization, and the explanation 
of tlui phenoiiicua thence arising, constitute the main purpose of the 
cominimieation. 

Polarized liglit is distinguished from common light by the pre- 
sence of certain peculiarities not ordinarily found ; but the peculiari- 
ties ill question cannot be discerned by the unassisted eye, aud require 
flpicial iustruin ‘utal appliances for d3toctioii. A siiuplo mode of 
bringing light into the cf)uditiou in question is by allowing it to pass 
through a plate of tlic crystal c.ill(‘l tmrmilin, cut pir.illel to the 
axis; and if the light b3 th m examined by causing it to jiass through 
a second sim'lav plat held piralhd to tlio former and cause'd to re- 
volve like a avIiccI in its own ])lane, it will bj found that tlie intensity 
alternately diminislu's and revives, being zero for two positions 180^ 
from one aimther, and a maximum for two positions at 90^ from each 
of tlui former. Thus combination of tourmalins constitute in fact a 
polariscope, wdiich in gem^ral consists of two parts, counterparts of 
each other, the first for bringing common lighi into the condition in 
question, in other words foi* polarizuvj ; the second for examining or 
analyzimj the light. 

Tho explanation of tliis fundamental phenomenon is as follows : — 
The vibrations upon which the sensation of light depends, may in or- 
dinary liglit take place in any direction in a plane perpendicular to 
tho ray. By the jiroccss of polarization they are all brought into one 
direction, still, however, perpendicular to the ray : so that throughout 
tho entire ray they lie in ono plane. On this account the polarization 
here considered is called plane polarization. There are other kinds 
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of polarization, such os circular and elliptic, whose names are derived 
from the curves, or orbits, described by the vibrating particles. 

There are also other methods for producing plane polarization 
beside that above described ; e. y. reflexion at particular angles from 
the surfaces of transparent media, transmission through parallel plates 
of glass, &c. ; but as they all agree in reducing common light to tho 
same condition, it is unnecessary for the present purpose to allude to 
them more in detail. 

If a ray of polarized light fall upon a plate of doubly-refracting 
crystal, it is divided into two, whose vibrations lie in planes perpen- 
dicular to one another. These rays traverse tho crystal with ditferent 
velocities, and therefore emerge with a difference of phase. On enter- 
ing the analyzer the vibrations of both i^ays are resolved into one 
plane. If the plane of vibration of the analyzer bo parallel to one of 
those of the crystal, one ray will be cut off, the other will bo trans- 
mitted without change. In any other position of tho analyzer the 
transmitted portions of the two rays will interfere so as to produce 
colour ; and if tho analyzer be then turned through 90*^, the portion 
of the original light cut off in the first position will be transmitted, 
and vice versd. 

Of this theory th(i following are the experimental results:— If a 
plate of doubly-refracting crystal, e. g, selenite, be placed between tho 
polarizer and analyzer, and turned round in its own plane, it will be 
found that in certain positions at right angles to one another no effect is 
produced. These may be called neutral positions. In all other posi- 
tions the field is tinted with colour, which is most brilliant when tho 
plate has been turned through 45"^ from a iKuitral i)osition. If the 
analyzer bo turned, the crystal remaining still, the coloumvill fade, 
and entirely vanish wlien the angle of turjiing amounts to 45 ’. From 
this position the complomcntary col«>ur will begin to api>oar, and will 
be brightest when the angle of turning amounts to 90 The colour 
depends upon the thickness of the crystal, so that by a suitable pre- 
paration any arrangement of colours may be produced. 

So far for plane polarization. The jjriiiciple of circular or suc- 
cessive polarization, as regards tho present purpose, is as follows : 

If two sets of rectilinear vibrations lying in planes perpendicular 
to one another meet and combine, the resulting vibration will be 
curvilinear, whose form and position depends upon the difierence of 
phase of the components. If the second set be in advance or in rear 
of the first by a quarter of a wave length, the resulting vibration will 
be circular ; but the motion will in one case be direct (like the hands 
of a w'atch), in the other it will bo reverse. 

If two sets of circular vibrations in opposite directiems nioet and 
combine, the resulting vibrations will bo rectilinear, and tho position 
of its plane will dfci)end upon the difference of phase of tho compo- 
nents. If the second set advance upon the first, the plane of resultant 
vibration will undergo direct rotation ; if it recede, it will undergo 
reverse rotation. 
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If in 8ucli an experiment white light he used, the vibrations of the 
different component prismatic colours w'ill (on account of their dif- 
ferent wave lengths) undergo different retardation ; and consequently 
the resulting vibrations will lie in different planes, arranged in pris- 
matic order. The order will be from red to violet, or vice versa, in 
accordance with the law stated above. 

If a ray of plane polarized light fall upon a metallic reflector, it 
is divided into two, whoso vibrations are respectively parallel and 
ptTpendicular to the reflector; and the latter is retarded behind the 
former by a difference of phase depending upon the angle of incidence. 
If the plane of vibration of the incident ray be inclined at an angle 
of 15" to the plane of incidence, the two rays into which it is divided 
have nearly the same intensity. At an angle, nearly 15% which varies 
with the metal employed, but which is perfectly definite, liie intensi- 
ties become accurately equal. And further, if the angle of incidence 
have a ])articular value dependent upon the nature of the metal (for 
silver the retardation will amount to a quarter of a wave length. 
TJieso two rays, on leaving the reflector, will recombine, and in ac- 
cordance with the laws above given, will in the last-mentioned cir- 
cumstances become a circularly polarized ray. Lastly, the direction 
of motion in this circular ray will depend upon tlie side on which the 
original plane of vibration is inclined to the plane of incidence ; if, 
when it is inclined on one side, the circular ray becomes right-handed, 
then, when it is inclined on the other, it becomes left-handed. 

Ilevcrting tlien to the phenomena of double refraction produced 
by a plate of crystal cut parallel to tlu' axis on a i>laiie polarized ray ; 
let the crystal 1)0 plaee‘(l in such a position that the jdaiios of vibration 
of the two resulting rays arc incliiu'd at angles of 15‘ on the two sides 
respectively of the plane of incidence ; and let there be interposed 
betwe(in the crystal and the analyzer a silver plate at an angle of 72 to 
the direction of these emergent rays. Kacli of these rays will, in 
virtue of the principles enunciated above, bo converted by reflevion 
into a circularly polarized ray; but one \vill be a right-hamh'd and 
the other a left-handed ray ; and the difference of phase produced by 
tlie doubly-refracting plate will be undisturbed by the reflexion. This 
difference of phase* depends, as is well kmnvn, upon the wave length, 
in oth(*r words, upon the colour of the light. So that the two circular 
rays will combine to form a plane polarized ray, whose piano of vibra- 
ti(m depends upon the difference of phase, «. c upon its colour. And 
if, Anally, the light b<) then examined by an analyzer in tlie usual manner, 
we shall have all the phenomena of circular or successive polarization. 

From what has been stated abjive, it appears that the direction of 
motion in the two circular rays, and consequently the order of colours 
produced, deixmds upon the position (to the right or left of the plane 
of incidence) of the ray which has been most retarded in the passage 
tliroiigh the crystal plate. If, therefore, the plate being in a given 
position, the colours appear in an ascending order, then on turning 
the plate through 90° in its own plane, or on turning it over about an 
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axis in the plane of incidence, the swifter and tlic slower rays will 
change position, and the order of colours will bo reversed.’ 

The reversal of the order of colour may bo exhibited in another 
way. Uniaxal crystals are divided into two classes : one, called positive 
(<*. < 7 . quartz), in which the extraordinary ray moves more slowly tlian 
the ordinary ; the other, called negative (e. g, Iceland spar), in which the 
ordinary ray is the slowest. If, therefore, a plate of quartz placed 
with its axis at 45^ on one side of the plane of incidence give the 
colours in one order, a similar plate of Iceland spar similarly placed 
will give them in the reverse order. 

The same principles apply to the case of biaxal crystals cut parallel 
to a plane containing the two optic axes. A ray of plane polarized 
light transmitted through such a plate is divided into two, whoso 
vibrations respectively bisect the angles formed by the two axes ; the 
lino which bisects the smallest angle is called tlio intermediate sec- 
tion, and the line perpendicular to it the supplementary section ; and 
the order of the colours depends upon the relative velocity of the two 
rays. In selenite the ray whose vibrations lio in the supplementary 
section is the slowest ; in mica it is the swiftest. Hence these two 
crystals will, all other circumstances being alike, give opposite orders 
of colour, and may be regarded as positive and negative respectively, 
like quartz and Iceland spar. 

The phenomena by which tliosc principles may bo illustrated are 
very numerous and varied, but are better seen than described. 

[W.S.1 
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William Spottiswoode, Esq. Treasurer E.S.& R.I. and Vice-President, 

in the Chair. 

W. Mattieu Williams, F.C.S. 

On Bumf or (Vs Scientific Discoveries, 

The speaker ventured to assert that it would be difficult, or even im- 
possible, to name any philosopher, statesman, and philanthropist of 
equal eminence to Benjamin Tliompson, Count of Itumford, concerning 
whom so little is popularly knoMn. This may be explained by the 
facts that his statosmaubhip and idiilanthropic efforts were chiefly 
exerted abroad, and that his philosophical researches resulted in 
scarcely anything admitting of attractive lecture-table illustration, 
while the discoveries of so many of his contemporaries and immediate 
successors were most brilliant in this rcap(‘ct. 

The electrical machine, the voltaic battery, oxygen, hydrogen, 
chlorine, the metals of the alkalis, &c., by supplying lecture-table 
experiments of such marvellous and previously unknown brilliancy, 
developed a new race of teachers — the popular experimental lecturers, 
to whom vse arc mainly indebted for the popular diffusion of scientific 
knowledge during the present century, and the philosophers whose 
names are connected with the discovery of the materials which sup- 
plied these teachers with their favourite illustrations, are naturally 
the best known to their pupils. 

The researches of Kuinford are nevertheless especially worthy of 
general attention, as his subj(‘cts literally come home to all of us, the 
greater part of his life having been devoted to studying and applying 
tile philosophy of common tilings; he may be, in fact, regaided above 
all others as the philosopher of common things, the bcience of feeding, 
(dothing, warming, and slicltering of niankind having been his chief 
jnnsuit, as the following list of the subjects of his essays and researches 
will show. 

Tlie Force of Fired (Innpowder. — Improvements in Field Artillery 
and Ciuns generally. — Naval Architecture. — Naval Signals (the 
essays on these two last-named subjects have not yet been published). 

— The Transmission of Heat through Solids, Liquids, (lases, and 
Vacuo.- The Kelativo Warmth of Diflerent Materials used for Cloth- 
ing.*— The Quantities of IMoisture absorbed from the Atmosphere by 
Different Materials usial for Clothing. — The rroduetion of Air from 
Water. — Photometry. Coloiuvd Shadows. —The Harmony of Colours. 
— The Chemical Properties which liavo been attributed to Light. — 
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The Weight or Ponderability ascribed to Heat. — The Sui)i)ressioii of 
Mendicity, and the Economical Clothing, Feeding, Housing, and In^ 
dustrial Education of the Poor. —The Philosopliy and Practice of 
Cookery. — The Nutritive Value of Different Kinds of Food. — The 
Cultivation and Use of the Potato. — The Construction of Stoves and 
Open Fireplaces. — The Curing of Smoky Chimneys. — The Organiza- 
tion of Military Academies. — General Military Organization. — The 
Education and the Civil Utilizing of the Soldier. — The P^conoiny of 
Fuel. — The Construction of Kitchen Furnaces — of Boilers - Boasters 
— Saucepans - Stewpans — Gridirons — Dripping-pans — Ironing Stoves 
— Cottage Fireplaces — Steam Stoves— Limekilns— Ovens- -Teakettles 
— Steam Cooking Apparatus— Dye-house Vats — Distillers’ Coppers — • 
Drying-houses — Laundries — Lamps, Safety-valves, <fec. — The Prepa- 
ration of Cheap Soups, Indian Puddings, Macaroni, Potato Salads, 
Potato Dumplings, &c. —The Internal Mov(‘nionts of the Particles of 
Heated Fluids. — The Final Cause of the Saltness of the Sea. — The 
Influence of Water in Equalizing Climate. — The Heating of Buildings 
by Steam. — The Boiling of Water and various Solutions by tlie Latent 
Heat of Steam. — The Salubrity of Warm Bathing (an Essay advocat- 
ing the introduction of the Turkish Bath). — The Pleasure of Eating, 
and the Means that may be employed for Increasing it. - TJio Tensile 
Strength of Different Substances. — Tlie Suppression of Usury in 
Bavaria. — The Improvement of the Breed of Horses and lloriujd Cattle 
in Bavaria — The Relative Heating Power of Coal and Dilfereiit Kinds 
of Wi>od. — The Source of Heat excited by Friction. 

This list is mainly made up of practical subjects, on which Count 
Rumford did not merely write suggestive or speculative essays, but 
which he dealt with practically by carrying out successfully 4tti a prac- 
tical scale his suggestions and improvements. All his practical suc- 
cesses were effected by the application of scientific principles. Rum- 
ford’s im»thod invariably being to set before himself the task to bo 
performed,- then to detemiine the jdiilosophical piincij)les involved 
and having done this, to apply these principles practically. Most of 
his purely philosophical investigations were suggested by demands 
thus practically created, or by phenomena observed in the course of 
his practical work. 

The great characteristic of Rumford’s whole carcf r is that all his 
practical work was strictly philosophical, and most of his philoso- 
phical work was eminently and directly practical. 

When, for exara])le, he wa.s commissioned by the Eh^ctor of Bavaria 
to reorganize the Bavarian army, ho studied the philosophy of cookery, 
and made experiments upon tho nutritive value of different kinds of 
food, in order that he might ft.ed the men as well and as economically 
as p)ssible. His improvements in stoves, kitchen utensils, &o., his 
numerous researches and essays on subjects connected with tho goaicral 
economy of the kitchen and the preparation of food, arc tho rcsuJtH of 
his thorough and philosophical metiiod of solving tliis very practical 
problem. The barrack requirements led him to study further tho 
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economy of fuel in tlie warming of dwcillings, the construction of 
heating and ventilating apparatus, and of })uildings gcn(‘rally. 

In ordiir to determine the best material for the soldier’s clothing, 
he first considercMl the function of clothing, and detcirmined that in 
winter it should act by resisting the transmission of the animal heat 
to the C(M>lor atmosphere, and thereby maintain the body at the tem- 
perature recpiired ; that for tins purpose a non-conductor or a bad con- 
ductor of heat is required. The relative conducting power of dillereiit 
clothing materials Ixiing in his time unknown, he constructed a 
theore tical soldier in the lV)rm of a tlnTmometer, which he could chjthe 
with the materials to bo testcid. By heating this clothed thermometer, 
and allowing it to cool in an apartment of constant temperature, he 
obtained the following results : — 
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Finding that the raw silk only occu2)ied ,,h,th of the whole bulk of 
the oiit('r bulb c(uitaining it, he calculat(‘d that if it were an absolute 
non-conductor, it should, as compared witlitlie envelop of air contained 
in the same space, only increase tlie resistance by ten seconds, but the 
experiment showed tliat it had above sevc nty times tlie effect. There- 
fore the resistance of the silk fibn* cannot account for the result. Con- 
necting this with his [irevious investigations on tlie convection of heat 
by liquids, Bumford inferred that air is a non-conductor of heat, that 
the fibres acted by enclosing tlie air between them, and preventing 
those convection movements by which alone it can carry heat away 
from a body in contact with it, lie confirmed this explanation by a 
series of experiments, lie found that when the thermometer was sur- 
rounded by the same quantity of the above-named materials more 
closely twisted or woven, so ns to leave less air space between the 
fibres, their power of resisting the passage, of heat was diminished pro- 
portionately to the closeness of the weaving, or twisting, or packing. 

He thus not only solved his practical question of clothing, but 
made imiiortant discoveries respecting the laws of transmission of heat 
by gases, and further applii'd the.se to retaining heat in furnaces and 
buildings by niiians of cellular walls, or double walls and windows. 

The question of what is the best material for summer clothing 
was decided in like manner. lTt‘ first considered how’ the body retains 
its temperature when exposed to direct summer sunshine in hot cli- 
mates, or otherwise, when a thermometer similai ly exposed rises above 
blood heat. Ho concluded that it is by the evaporation of the insen- 
sible perspiration. How, then, may clothing aid this? Evidently by 
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its power of absorbing tho aqueous vapour. Do clothing materials 
thus absorb vapour ? If so, do they dilfor in their powers of absorp- 
tion? 

To answer these questions he exposed tho following substances, 
carefully cleaned, upon china plates for twenty-four hours, in a room 
that had for several months been dried by a (lerman stove, its atmo- 
sphere having for six hours previous to the experiment been raised to 
85° Fahr. After this exposure 1000 parts of each wore weighed in tho 
dry room ; then this quantity was exposed for forty-eight hours in an 
uninhabited room and weighed again ; then for seventy-two hours in 
a very damp collar. The results were as follows : — 
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From these and other experiments he concluded that light flannel 
is the best clothing for summer, and he strongly advocates its universal 
adoption. The soundness of his conclusion is confirmed by the sub- 
sequent experience both of soldiers and sailors, and of cricketers, 
rowers, furnace-men, and all who arc engaged in work that induces 
much perspiration. 

Count Rumford’s researches and inventions connected with his 
greatest subject, that of cookery, afford abundant examples of his appli- 
cations of philosophy to practical affairs ; but tho extent of the subject 
forbids the citation of more than one small characteristic sample. 
After advocating tho extended use of Indian corn and giving general 
directions for its use, and particularly for tho preparation and cooking 
of “Indian pudding,” including the scientific manipulation of the 
pudding bag, he concludes as follows : — “ The pudding is to bo eaten 
with a knife and fork, beginning at the e i re u infer enco of the slice and 
approaching regularly towards the centre, each piece of pudding being 
taken up with the fork and dipped into the butter, or dipiH^d in 'part 
only, as is commonly the case, before it is carried to the mouth.” 

Again in his essay “ On the Pleasure of Eating and the Means 
that may be employed for increasing it,” after showing that tho 
pleasure of eating is produced by bringing the surface of tho food 
in contact with the surface of the tongue and tho palate, and how a 
given quantity of food may have its contact surface increased, he says 
in apology for his subject, “ If a glutton can be made to gormandize 
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two hours upon two ounces of meat, it is certainly bettor for him 
than to give himself an indigestion by eating two pounds in the same 
time.” 

As an example of his theoretical work his speculations on the 
movements of the molecules of a heated fluid may be cited. He 
supposes the case of a coin or pebble at the bottom of an open vessel 
of water, and says, “As a ray of light cannot fail to generate heat 
when and wlierr' it is stopped and absorbed, the rays which, entering 
the water and passing throiigli it, im]>iiige against the small solid 
opaque body at the bottom of the V(‘SS(‘l aie there absorbed, and must 
necessarily generate a certain quantity of heat ; a part of which will 
be communicated to those colder particles of water which repose on 
its surface.” 

He had already shown by a scries of very simple and conclusive 
experiments that the particles of a fluid thus heated are set in visible 
motion, and he supposes the case of a molecule of w’ater in contact 
with the coin, and having a diameter of 

move at the least rate of visible motion second. 

Thus it will move through 10,000 times its own diameter in a second. 
Taking the grc<a^,eflt velocity of a O-pounder cannon ball, 4 inches in 
diameter, at IGOO feet per second, it passes through only 4800 diameters 
per second ; thus the relative velocity of the molecule of water is mo e 
than double that of the cannon ball. Such a molecule thus moving will 
come in contact with at least 600,000 others per second, to each of 
which it will impart a portion of its heat and motion. Thus, every 
inequality of temperature induces violent molecular agitation, and 
Rumford asks whether animal life may not depend upon such motion, 
seeing that the organic apparatus is mainly fluid, or fluids contained 
between walls and in channels, and that there is a continual internal 
heating and external cooling due to rc'spiration and surface evapo- 
ration and radiation, or in his own wohIn: “Ho not respiration, 
digestion, and insensible p(*rspiration all tend evid»*ntly (that is to say, 
according to our assumed prinei})lcs with regard to the maniuT in 
which heat is pro])agated in fluiils) to 2)rodure and to pcrjniuate this 
inequality of lit‘at in'fh(' animal fluids. And do we not see what an 
immediate and pow erful effect they have in incre asing the intensity of 
the action of the j)owcrs of life ? ’ 

Intimately connect ('d wdth this essay is another, which appears to 
bo worthy of more attention than it has receivt d, esi)ecially in C(Ui- 
nection with the niodei’ii growth of our knowledge of the transmission 
of light and heat in gases and liquids, and the conversion of one force 
into another. The title of this essay is “ An Imiuiry concerning the 
Chemical Properties that havi* been attributes! to Light.” Puinford 
made a number of exjiorimeiit.s upon compounds of gold and silver, by 
whitdi ho showed that the decompositions usually attributed to light 
could all be eflfectcd in precisely the same manner and degree by 
obscure heat, a temperature below the boiling point of water being 
sufficient when the salts were in aqueous solution, or a higher tom 



28 o 


LIBRARY OF SCIENCE 


porature wlieu the dry salts were usihI. Also tliat clear solutions of 
chloride of gold or nitrate of silver are not decom2)Osed by suulight 
unless some body capable of absorbing the light, and thereby convert- 
ing it into heat, is immersed in them. ITo asks what is the tempera- 
ture induced upon the absolute surface of sucli a light-absorbing body 
at the instant of absorption or conversion of light into lieat. Ho 
thinks that it must far exceed that indicated by any form of thornio- 
meter, because the thcimomcter only show's the mean temperature of 
the whole mass of the contents of its bulb, and its absolute surface 
is perpetually parting with its heat by conduction, radiation, an<l tlie 
convection <d‘ the surrounding medium. If the single molecule of 
water above referred to comes in contact with GOO, 000 others in the 
course of a s(Jcond, and communicates some of its heat to eacli, we 
cannot ascertain its initial maximum tcm])erature, and even this is 
below that of the surface of the coin or pebble from which it received 
its heat by contact. 

The time did not pcimit the speaker to develop these speculations 
and connect them with modern philosophy as intended, and lie tlicre- 
forc passed on to Rumford’s celebrated experiments on “ Tlie Source 
of Heat excited by Friction.” 

These expdi*imeuts arc so well known that it is uniieceHsary to 
repeat their details here. It will be remembered that after taking 
every precaution to insulate his apparatus from any commmiicatioii 
of heat from without, and ascertaining that the spocilie heat of tlie 
borings w'as unchangi'd, Euinford found that the heat evolved by the 
friction of a blunt borer against the inside of a nudal cylinder was 
sufficient to boil 18*77 lbs. of water in 2] hours, and to keep it boil- 
ing as long as the friction was sustained. His own conclusion is thus 
expressed : “ It is hardly necessary to add that anything which an 
insulated bcnly, or system of bodies, can continue to furnish without 
limUcUion cannot possibly bo a material substance ; and it appears to 
me extremely difficult, if not quite impossible, to form any distinct 
idea of anything capable of being excited and communicated in these 
experiments except it be MOTION.” 

The italics and capitals are Count Rumford’s. As Dr. Tyndall 
says, “Rumford in this memoir annihilates the material theory of 
Heat. Nothing more powerful on the subject has since been written,” 
and “ hardly anything more conclusive has since been adduced in the 
way of establishing that Heat is what Rumford considered it to be — 

‘ Motion.' ” 

This memoir, and the one immediately connected with it, “On 
the Weight or Ponderability ascribed to Heat,” and his investigations 
on the Transmission of Heat through Gases and Liquids, are perhaps 
the most importaut of Rumford’s purely philosophical works, and ho 
is the father of the Royal Institution. All who have follovrcd the 
recent progress of physical science must admit that this Institution 
has been a dutiful child and has worthily cultivated its patrimonial 
inheritance. 
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Old-fashioned story-tellers were wont to conclude their discourse 
with a “ moral.” This old fashion may bo profitably followed in the 
present instance, when wo remember that Benjamin Thompson began 
life in extreme poverty, was a poor teacher in a poor colonial village 
school, that stop by step ho rose to such honour and distinction, that 
wlien Bavaria was so sorely threatened that its sovereign was obliged 
to fly from Munich, full powers of temporary sovereignty were placed 
in itumford’s hands, and ho wielded this power with complete success. 
He practically solved great social problems and achieved great social 
reforms, such as to this day, after a lapse of above seventy years, wo 
all desire to see repeated, and yet cannot achieve again. He abolished 
mendicity from a country where it prevailed to an almost unprece- 
dented extent ; he succeeded in making the rogues and vagabonds of 
Bavaria pay all the expenses of their food, clothing, and lo<lging, and 
leave a handsome balance towards the maintenance of the police who 
apprehended them. Ho thus provided for the poor of an excessively 
pauperized country without any poor’s-rates. lie was a great states- 
man, a practical soldier, the greatest of practical military reformers, a 
skilful mechanic and engineer, and a successful philanthropist, besides 
being a distirigT«ijhcd philosopher. All his success is clearly trace- 
able to the fact that whatever he did, from the eating of a slice of 
pudding to the dictatorship of a nation, was done by rigidly obeying 
those principles of inductive reasoning which liave led to the mar- 
vellous triumphs of modern science. 

If, therefore, you would make your son a successful soldier, a suc- 
cessful lawyer, a successful statesman, successful in any business or 
profession wliatcver, you should give him a sound, practical scientific 
education ; let him learn liow to observe and investigi^to face, to 
g(‘neralizo them, and from such inductions to deduce sound rules for 
practical conduct. 

Modern science affords the best, the highest, and the most useful 
school of intellectual culture : the great business of tlu‘ present <hiy is 
to give to science chat d(M*ided educational precc'dtmcc to wliieli it is 
entitled, and the wliole career of Benjamin Thompson, Count llumford, 
afl’ords a striking example of the kind of intcdleelual results we may 
expi'ct to obtain when smind bcicntific kno\N ledge and training are 
afforded to every human being — male and female. 

[W. M. W.J 
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TULLEEIAS PR0FES90B OF ClltMISTBT, KOTAL I^STI^UT10V, 

On the Bevived Theory of Phlogiston, 

Obsercationemf quam producot hono jure mihi vindico, . . . Materia hssc iqnet- 
C€7i8, in omnibus tribus regyiis^ una eademque existit. Unde, ut e veqitdbili in 
animalej abundant issime transmigrate ita ex utrolibet horutny in minercdia et ipsa 
metalhie promptissime omnium transfrtur. — Stahlii, Exporimenta, Obsorvationea* 
Animadveraioiice, CCC Numero. 

In 1781-83, Cavendish showed that when inflammable air or hydro- 
gen, and dephlogisticated air or oxygen, are exploded togotlur in 
certain proportions, “almost the whole of the inflammable and de- 
phlogisticated air is converted into pure water,” or as ho elsewhere 
expresses it, “ is turned into water.” 

On June 24, 1783, the experiment of Cavendish was repeated on a 
larger scale and in a somewhat different form by Lavoisier, who not 
only confirmed the synthesis of the English chemist, but drew from 
it the conclusion — at first strongly contested, then rapidly acknow- 
ledged, and since never called into question — “ that water consists of 
inflammable air united to dephlogisticated air,” or that it is a com- 
pound of hydrogen and oxygen. 

This conclusion, so opposite to his own preconception on the 
matter, Lavoisier subsequently confirmed by an analysis of water. 
He found that iron, heated to redness and exposed to the action of 
water-vapour, became changed by an abstraction of oxygen from the 
water, into the self-same oxide of iron procurable by burning the 
metal in oxj'gcn gas, — the other constituent of the water, namely, its 
hydrogen, being freely liberute«]. 

With the demonstration by Lavoisier of the composition of water 
began the triumph of that antiplilogistic theory, whicli lio liad con- 
ceived, in a necessarily imperfect form, so far back as 1772, or before 
the discovery of oxygen, and had brought to completion by the aid of 
every successive step in pneumatic chemistry, achieved by himself or 
by others. 

In 1785, the relationship to one another of hydrogen and water 
being then conclusively <stablished, Berthollct declared himself a 
convert to tlie new theory of combustion put forward by his country- 
man. Foiircroy next gave in his adhesion ; and soon iifterwurds Do 
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Morvcaii, invited to Paris expressly to bo reasoned with by Lavoisier, 
succumbed to the reasons sot before him. The four chemists then 
associated themselves togotlier, and in spite of a strong though short- 
lived opposition both in England and Germany, succeedcHl in obtain- 
ing for La Cliiinie Frangaise an all but universal recognition. 

The principal articles of the new or antiphlogistic theory of com- 
bustion propounded by Lavoisier are as follows : — That combustible 
bodies in burning yield products of various kinds, — solid in the case 
of phosjdiorus and the metals, liquid in the case of hydrogen, gaseous 
in the case of carbon and sulphur. That in every case the weight of 
the products formed by the burning is greater than the weight of the 
combustible burnt. That the increase of weight is due to an addition 
of matter furnished to the combustible by the air in which its burning 
takes place. That bodies of which the weights are made up of the 
weiglits of two or more distinct kinds of matter are of necessity com- 
pound; whereas bodies of which the weights cannot be shown to bo 
made up of the weights of two or more distinct kinds of matter are in 
effect simide or elementary. That inasmuch as tlio weights of the 
products furnished by the burning of different combustibles are made 
uj) of the the combustible burnt and of the oxygen con- 

sumed in the burning, tliese products are comjiound IwKlies — oxides in 
fact of the substances burnt. That inasmuch as given weights of 
many combustibles, as of hydrogen, sulphur, phosphorus, carbon, and 
the metals, are not ai)parently made up of the weights of two or more 
distinct kinds of matter, these particular combustibles are in effect 
elementary ; as for the same reason is the oxygen with which in the 
act of burning they enter into combination. And, lastly, that combus- 
tion or burning consists in nothing else than in the union of combus- 
tible matter, simi)le or compound, with the empyreal matter, oxygen — 
the act of union being somehow attended by an evolution of light and 
heat. And except tliat it would be necessary nowadays to explain 
how in certain cases of combustion, the combustible enters into union 
not with oxygen, but with some analogue of oxygen, the above precise 
statement might equally well have been made by Lavoisier in 1785, 
or be made by one of ourselves at tbo present day. 

Lavoisier’s theory of combustion being known as the antiphlogistic 
theory, the question arises. What was the phlogistic theory to wdiich 
it was opposed, and which it succeeded so completely in displacing? 
This phlogistic theory was founded and elalx^rated at the close of the 
seventeenth century by two Gorman 2 >hysician 8 , Beecher and Stahl. 
Having exorcised a scarcely disputed authority over men’s minds 
until the notorious defection in 1785, it preserved for some years 
longer a resolute though tortuous existence, and was to tlic last de- 
fended and approved by our own Priestley and Cavendish — who died, 
the former in 1804, and tlio latter in 1810. 

The importance attached to the refutation ol tliis theory may be 
judged of from the cii’cumstanco that after the early experiments 
of Lavoisier on the composition and decomposition of water had been 
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successfully repeated by a committee of the French Academy in 1790, 
a congratulatory meeting was held in Paris, at which Madame 
Lavoisier, attired as a priestess, burned on an altar Stahl’s celebrated 
Fundamenta Chemice Dogmaticm et Experimentalise solemn music 
playing a requiem the while. And the sort of estimation in which 
the Stahlian doctrines have since been held by chemists is fairly 
illustrated by a criticism of Sir J. Ilerschel, who, speaking of the 
phlogistic theory of chemistry, says that it “ impeded the progi-oss of 
the science, as far as a science of experiment can be impeded by a 
false theory, .... by involving the subject in a mist of visionary 
and hypothetical causes in place of the true acting principles.” Pos- 
sibly, however, this much-abused theory may yet i)rove to contain an 
element of permanent vitality and truth ; anyhow the study of this 
earliest and most enduring of chemical theories can never bo wholly 
devoid of interest to chemists. 

To appreciate the merit of the phlogistic theory it is necessary 
to bear in mind the period of its announcement. Its originator, 
Beecher, was born in 1625, and died a middle-aged but worn-out man 
in 1682, a few years before the publication of the ‘ Principia.’ His 
more fortunate disciple, Stahl, who was born in 1660 and di(‘d in 
1734, in his seventy-fifth year, though afforded a possibility of know- 
ing, seems equally with Beecher to have remained throughout his 
long career indifferent to the Newbrnian principle that the weight of 
a body is proportionate to its quantity of matter— that loss of weight 
implies of necessity abstraction of matter, and increase of weight addi- 
tion of matter. Whether or not the founders of the phlogistic theory 
conceived that change of matter in the way of kind, might equally 
with its change in point of quantity, be associated with an alteration 
in weight — and it must not be forgotten what pains Newton thought 
it necessary to take inr order to show the contrary — certain it is they 
attached very little importance to the changes of weiglit manifested 
by bodies undergoing the metamorphosis of combustion. It might bo 
that when combustible charcoal was burned the weight of incombus- 
tible residue was less than the original w^eight of charcoal — it might 
be that when combustible lead w'as burned the weight of incombustible 
residue was greater than the original weight of metal — this was far 
too trifling an unlikencss to stand in the way of the paramount like- 
ness presented by the two bodies. For the lead and charcoal had the 
common property of manifesting the wonderful energy of fire ; they 
could alike suffer a loss of light and heat — that is, of phlogiston — by 
the deprivation of which they were alike changed into greater or less 
weights of inert incombustible residue. 

And not only were these primitive students of the philosophy of 
combustion uncetnscious of the fact and meaning of the relationship 
in weight subsisting between tho consuming and the consumcxl body, 
but they were altogether ignorant of tho part played by the air in the 
phenomena which they so boldly and successfully attempted to explain. 
Torricelli’s invention of the barometer and Guericke’s invention of the 
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air-pump were both indeed made during Beecher’s early boyhood ; but 
years had to elapse before the oonsequcnt idea of the materiality of air 
could be domiciled, as it were, in human understandings. And not 
until more than a century after Torricelli’s discovery of the weight of 
air, — not, indeed, until the time of the great pneumatic chemists Black, 
and Cavendish, and Priestley, and Scheele, was it ever imagined that 
the aerial state, like the solid or liquid state, was a state common to 
many distinct kinds of matter ; and that the weight or substance of a 
rigid solid might bo largely contributed to by the weight or substance 
of some constituent having its independent existence in the aerial or 
gaseous form. The notion that 100 lbs. of smithy-scales might con- 
sist of 73 lbs. of iron and 27 lbs. of a particular kind of air, and that 
100 lbs. of marble might consist of 56 lbs. of lime and 44 lbs. of 
another kind of air, was a notion utterly foreign to the older philosophy. 
Air, it was allowed, miglit be rendered mepliitic by one kind of con- 
tamination, and sulphurous by another, and inflammable by a third ; 
it might even be absorbed in, and so add to the weight of, a porous 
solid, as water is absorbable by sand ; but still air was ever indisput- 
ably air, essentially alike and unalterable in its mechanical and 
chemical onene5>r This familiar conception had to be overcome, 
and the utterly strange notion of the largely aerial constitution of 
solid matter to be established in its stead, by the early pneiunatic 
chemists. Black, and Cavendish, and Bergmann, before the deficiencies 
rather than positive errors of the j^hlogistic theory could be perceived. 

But long ere the foundation of modern chemistry had thus been 
laid, in 1756, by Black’s discovery of fixed air or carbonic acid as a 
constituent of mild alkalis and limestone, those old German doctors, 
Beecher and Stahl, though ignorant of the nature of air and neg- 
lectful of the import of gravity, had yet found something to say about 
the chemistry of combustion w orthy of being defended a century after- 
wards by men like Priestley and Cavendish, — w'ortliy, it is believed, 
of being recognized nearly two centuries afterwards as the expression 
of a fundamental dwtrinc in chemical and cosmical idiilosophy. They 
pointed out, for example, that the diftercnt and seemingly unlike pro- 
cesses of huriiiiig, smouldering, calcining, rusting, and decflving, by 
which combustible is changed into incombustible matter, have a com- 
munity of character ; that combustible bodic's possess in common a 
power or luiergy capable of being elicited and used, A\hereas incom- 
bustible bodies are devoid of any such energy or powder ; and lastly, 
that the energy pertaining to combustible bodies is the same in all of 
them, and capable of being transferred from the combustible laidy 
which has it to an incombustible body which has it not, rendering the 
body tliat was cmcrgetic and combustible inert and incombustible, and 
the body tliat was inert and incombustible energetic and combustible — 
and further rendering some particidar body combustible over and over 
again. That this is a fair rojiresontation of the views held by phlo- 
gistic chemists is readily recognizable by a study of chemical works 
written before the outbreak of the antiphlogistic revolution. After 



286 


LIBRARY OF SCIENCE 


Lavoisier’s challenge, the advocates of phlogiston, striving to make it 
account for a novel order of facts with whiclx it had little or nothing 
to do, were driven to the most incongruous of positions ; for wdiile 
Priestley wrote of inert nitrogen as phlogisticatcd air, Kir wan and 
others regarded inflammable hydrogen as being phlogiston itself in 
the isolated state. Very different is the view of phlogiston to be 
gathered •from the writings of Dr. Watson, for examj)lc, who was 
appointed Professor of Chemistry at Cambridge in 17G4, became 
logins Professor of Divinity in 1771, and Bishop of Llandaft‘ in 1782. 
This cultivated divine, indifferent it is true to the novel questions by 
which in less placid regions men s minds were so deeply stirred, 
amused the leisure of his dignified University life by writing scholarly 
accounts of the chemistry it hod formerly been his province to teach ; 
and in the first volume of his well-known ‘ Chemical Essays,’ pub- 
lished in 1781, the following excellent account of phlogiston is to be 
found : — 

“ Notwithstanding all that perhaps can bo said upon this subject, I 
am sensible the reader will still be ready to ask. What in phlogiston? 
You do not surely expect that chemistry should bo able to luesent 
you with a handful of phlogiston, separated from an inflammable 
body ; you may just as reasonably demand a handful of magnetism, 
gravity, or electricity to be extracted from a magnetic, weighty, or 
electric body. There are powers in nature which cannot otherwise 
become the objects of sense, than by the effects they produce ; and of 
this kind is phlogiston. But the following experiments will tend 
to render this perplexed subject somewhat more clear. 

“ If you take a piece* of sulphur and set it on fire, it will bum en- 
tirely away, without leaving any ashes or yielding any soiTC. During 
the burning of the sulphur, a copious vapour, powerfully affect- 
ing tlvD organs of sight and smell, is dispersed. Means have boon 
invented for collecting this vapour, and it is found to be a very 
strong acid. The acid thus procured from the burning of sulphur, is 
incapable of being cither burned by itself, or of contributing towards 
the support of fire in other bodies: tho sulphur, from which it was 
procured was capable of both : there is a remarkable difterence, then, 
between the acid procured from tho sulphur, and the sulphur itself. 
The acid cannot be the only constituent part of sulphur ; it is evident 
that something else must have entered into its composition, by which it 
was rendered capable of combustion. Tliis something is, from its 
most remarkable property, that of rendering a body combustible, 
properly enough denominatcHl tho food of fire, tho inflammable prin- 
ciple^ the phlogiston This inflammable principle, or phlogiston, 

is not one thing in animals, another in vegetables, another iti mine- 
rals; it is absolirtely the same in them all. .... This identity of 
phlogiston may be proved from a variety of decisive experiments ; I 
will select a few, which may at the same time confirm what ban boon 
advanced concerning tho constituent parts of sulphur. 

“ From the analysis or decomposition of sulphur effected by burning. 
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we have concluded that the constituent parts of sulphur are two — an 
acid which may be collected, and an inflammable principle which is 
dispersed. If tlic reader lias yet acquired any real taste for chemical 
truths, he will wish to see this analysis confirmed by synthesis ; that 
is, in common language, ho will wish to see sulphur actually made 
by combining its acid with an inflammable principle. It seldom 
happens that chemists can reproduce the original bodies, though they 
combine together all the principles into which they have analyzed 
them ; in the instance, however, before us, the reproduction of 

the original substance will be found complete. 

“ As the inflammable principle cannot lie obtained in a palpable 
form scimrato from all other bodies, the only method by which wo 
can attempt to unite it with the acid of sulphur must be by presenting 
to that acid some substance in which it is contained. Charcoal is 
such a substance ; and by distilling powderr'd charcoal and the acid of 
suli)hur together, we can 2)r(K‘urc a true yellow' sulphur, in nowise to 
bo distinguished from common suli^hur. This sulphur is formed from 
the union of the acid with the jdilogiston of the charcoal ; and the 
charcoal may by this means be so entirely roblx d of its phlogiston, 
that it will ho hiccd to ashes, as if it had lu'cii burned 

“I will in this place, by w'ay of further illustration of the hum phlo- 
giston, add a w’ord or tw'o concerning the necessity of its union with 
a metallic earth, in ord(‘r to eonstitute a metal. Lead, it has been 
observed, when melted in a strong fire, biuuis away like rottt n w'ood ; 
all its properties as a metal arc destroyed, and it is reduced to ashes. 
If you expose the aslu's of lead to a strong fire, they w'ill melt ; but the 
inelt('d substance wdll not be a metalj it will bo a ytdlow or orange- 
coloured glass. If you pound the glass, and mix it with charcoal dust, 
or if you mix the ashes of the lead w'ith charcoal dust, and ex2)oso 
cither mixture to a molting heat, you will obtain, not a glass, but 
a metal, in weight, colour, consistency, and every other pr()j)erty the 
same as lead. The ashes of lead melted without charcoal hecome glass ; 
the ashes of lead molted with charcoal become a metal. The charcoal, 
then, must have communicated something to the ashes of load, by 
which they are changed from a glass to a metal. Charcoal consists 
of but two things — of ashes and of phlogiston ; the ashes of charcoal, 
though united mth the ashes of lead, w'ould only produce glass ; it 
must therefore bo the other constituent part of charcoal, or phlogiston, 
which is communicated to the ashes of lead, and by an union with 
which the ashes are restored to their metallic form. The ashes of 
lead can never be restored to their metallic form without their being 
united with some matter containing phlogiston, and they may be 
reduced to their metallic form by being united with any substance 
containing phlogiston in a proper state, whether that substance bo 
derived from the animal, vegetable, or mineral kingdom ; and thence 
we conclude m)t only that phlogiston is a necessary part of a metal, 
but that phlogiston has an identity belonging to it, from whatever 
substance in nature it be extracted. And this assertion still becomes 
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more general, if we may believe that metallic ashes have been reduced 
to their metallic form, both by the solar rays and the electrical fire.” 

The foregoing account by Dr. Watson is almost a translation from 
Stahl’s ^ Zymotechnica Fundamentalist simulqtie experimentum novum 
sulphur verum arte producendi,* in which he establishes what may bo 
called the permanency of chemical substance — that metallic lead is 
reproducible from the ashes of load, sulphur verum from the acid of 
sulphur. And, whether or not taking note of the oxidations and deoxi- 
dations effected, how little differently, even at the present day, would 
the actions referred to be described and explained. Is it not our habit 
to say that charcoal and sulphur and lead are bodies possessing poten- 
tial chemical energy, that is phlogiston ; that in the act of burning, 
their energy which was potential becomes kinetic or dynamical, and is 
dissipated in the form of light and heat ; that the products of their 
burning (including the gaseous product now known to bo furnished 
by the burning of charcoal) are substances devoid of chemical energy, 
that is, of phlogiston ; that when the acid substance furnished by 
burning sulphur is heated with charcoal, some energy of the imburiit 
charcoal is transferred to the burnt sulphur, just as some energy of 
a raised weight may be transferred to a fallen one, whereby tlie burnt 
sulphur is unbumt, provided with energy, and enabled to bum again, 
and the fallen weight is lifted up, provided with energy, and enabled 
to fall again ; that the potential chemical energy of metallic lead did 
not originate in the lead, but is energy or phlogiston transferred 
thereto from the charcoal by which it was smelted ; and lastly, that 
the chemical energy of the charcoal itself, its capability of burning, 
its power of doing work, in one word its phlogiston, is merely a 
portion of energy appropriated directly from the solar rayt?? 

If this bo a correct interpretation of the phlogistic doctrine, it is 
evident that the Stahliuns, though ignorant of much that has since 
become known, were nevertheless cognisant of much that became after- 
wards forgotten. For most of what has since become known, mankind 
are indebted to the surpassing genius of Lavoisier ; but the truth which 
he established, alike with that which ho subvertefl, is now recognizable 
as a partial truth only ; and the merit of his generalization is now per- 
ceived to consist in its addition to — its demerit to consist in its 
supersession of — the not less grand generalization established by liis 
scarcely remembered predecessors. This being so, the relationship to 
one another of the Stahlian and Lavoisierian theories of combustion 
furnishes an apt illustration of the general trutli set forth by a great 
modem writer, that “in the human mind, one-sidedness has always 
been the rule, and many-sidedness the exception. Hence, even in revo- 
lutions of opinion, one part of the tnith usually sets while i,nother 
rises. Even progress, which ought to superadd, for the most part only 
substitutes one partial and incomplete truth for another ; improvement 
consisting chiefly in this, that the new fragment of truth is more 
wanted, more adapted to the needs of the time, than that which it 
displaces.” 
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The partial truth contributed by Lavoisier was indeed more 
wanted, more adapted to the needs of the time, than the partial truth 
which it displaced. To him chemists are indebted for their present 
conception of material elements ; and especially for their know- 
ledge of the part played by the air in the phenomena of combustion, 
whereby oxygenated compounds are produced. The phlogistians, 
indeed, were not unaware of the necessity of air to combustion, but 
being ignorant of the nature of air were necessarily ignorant of the 
function which it fulfilled To burn and to throw off phlogiston 
being with them synonymous expressions, the air was conceived to 
act by somehow or other enabling the combustible to throw its phlo- 
giston off; and a current of air was conceived to promote combus- 
tion by enabling the combustible to throw its phlogiston off more 
easily. Moreover, contact of air was not essential to combustion, 
provided there was present instead some substance, such as nitre, 
which equally with, or even more effectively than air, could enable 
the combustible to discharge itself of phlogiston. But while the 
phlogistians, on the one hand, were unaware that the burnt product 
differed from the original combustible otherwise than as ice differs 
from water, bv loss of energy ; Lavoisier, on the other hand, 
disregarded the notion of energy, and showed that the burnt pro- 
duct included not only the stuff of the combustible, but also the 
stuff of the oxygen it had absorbed in the burning. But, as well 
observed by Dr. Crum- Brown, wo now know “ that no compound 
contains the substances from which it was produced, but that it 
contains them minus something. Wo now know what this something 
is, and can give it the more ajipropriato name of jiotential energy; 
but there can be no doubt that this is what the chemists of the 
seventeenth century meant when they spoke of phlogiston.” 

Accordingly, the phlogistic and antiphlogistic views arc in reality 
complementary and not, as suggested by their names and usually 
maintained, antagonistic to (me another. It has been said, for example, 
that according to Stahl, the 2)r(Kluct of combustion is simple, and the 
combustible a compound of the in-odiict witli imaginary phlogiston — 
which is false ; whereas, according to Lavoisier, the combustible is 
simple, and the product a compound of the combustible with actual 
oxygen — which is true. But in this case, os in so many others, every- 
thing turns upon the use of the same word in a different sense at 
different periods of time. When Lavoisier spoke of red lead as being 
metallic lead combined with oxygen, he meant that the matter or stuff 
of the red lead consisted of the matter or stuff of load plus the matter 
or stuff of oxygen. But when the Stahlians sjioko of metallic lead 
being burnt lead combined with phlogiston, they had the same sort 
of i<iea of combination in this instanci*, as others have exprcssc'd by 
saying that the weight of a binly is compounded of its matter and its 
gravity ; or that steam is a compound of water and heat ; or, to use a 
yet more Lavoisiorian exju’ession, that oxygen gas itsedf is a compound 
of the basis of oxygen with caloric. It is not, then, that the one state- 
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ment, Stalilian or Lavoisioriaii, is false and the other true, but that 
both of them are distorted, because incomplete. Chemists nowadays 
are both Stahlian and Lavoisierian in their notions ; or have regard 
both to energy and matter. But Lavoisierian ideas still interfere 
very little with our use of the Stahlian language. While wo acknow- 
ledge that in the act of burning the eonibiistible and the oxygen take 
equal part, just as in the act of falling the weight and the earth take 
equal part, yet in our common language we alike disregard the abun- 
dant atmosphere and abundant earth as being necessarily understood, 
and speak only of the energy of the combustible and of tlie weight, 
which burn and fall respectively. Whatever may bo the fault of lan- 
guage, however, chemists do not omit to siipcrpose the Lavoisierian 
on tlie Stahlian notion. They recognize fully that it is by the union 
of the combustible with oxygen that phlogiston is dissipated in the 
form of heat ; and further, that phlogiston can only be rt'stor(‘d to 
the burnt combustible on condition of separating the combustible from 
the oxygon with which it has united ; just as energy of position can 
only bo restored to a fiillen weight on condition of sci)arating it to a 
distance from the surface on which it hos fallen. 

That Stahl and his followers regarded phlogiston as a material 
substance, if they did so regard it, should interfere no more witli our 
recognition of the merit duo to their doctrine, than the circumstanevj 
of Black and Lavoisier regarding caloric as a material substaiie(% if 
they did so regard it, should interfere with our recognition of the 
merit duo to the doctrine of latent heat. But though di'fitiing phlo- 
giston as the principle or matter of fire, it is not at all ch ar that the 
phlogistians considered this matter of fin* as constituting a r(‘al body 
or ponderable substiincc ; but rather that they thought and apoke of it 
as many philosophers nowadays think and speak of the eh etrie fluid 
and luminiferous ether.. The nondescript character, properly as- 
cribable to phlogiston, is indicated by the following quotation taken 
from Macquer’s ‘ Elcmcns de Chymie Theorique 1741). It must not, 
of course, be forgotten that the popular impression as to phlogiston 
having been conceived by its advocates as a material substance having 
a negative weight or levity, is erroneous ; and is based on an innova- 
tion that was introduced during the struggling decadoneo of the 
phlogistic theory, and advocated more particularly by Lavoisier s 
subsequent colleague, Guyton do Morveau, in bis ‘ Dissertation sur 
lo Phlogistiquc, considere comme Corps grave, et par rapport aux 
changemens do pesanteur qu’il produit dans Ics corps auxquels il 
est uni :* 17G2. Macquer writes as follows : — 

“ La matiere du solcil, ou dc la lumicrc, lo phlogistiquc, lo feu, le 
soufre principo, la matiere inflammable, sent tons Ics noms par lesquels 
on a coutumc de designer IVdement du Feu. Muis il i)aroit qu’on if a 
pas fait une distinction assez exacto . . . . du nom ipi’i! inorito veri- 
tablcmcnt lorsfpi’il entre effectivement comme principo dans la com- 
position d’un corps, ou bicn lorsqu’il est scul et dans sou etat naturol. 
Hi on Tonvisage sous cotte demierc vuc, lo nom de Feu, de matiere du 
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soleil, de la Imniore et do la chaleiir, lui convient particulierement. 
Pour lors, o’ost une substance quo Ton pout considercr commc com- 
posoe do particules infiniment petites, qiii sont agitees par un mouve- 
ment trcs rapide et continucl, par consequent csscnticllcment fluido. 
Cette substance, dont le soleil est commc lo reservoir general, s’en 
6mano pcrpetuellemcnt, et cst repandue universelloment dans tous los 
corps quo nous connoissons ; mais non pas commo principo ou cssen- 
tiello a leur mixtion, puisqu’on pent Ics eii priver, du inoins en gi*ande 

partie, sans qu’ils souffrent pour cela la moindro decomposition 

Cependant les pbeiiomenes que prescntent les matiercs inflammables 
lorsqu’clles brulent, nous indiquent qu*elles contiennent roellement la 

matiero du Feu commo un de leurs principcs Examinons 

done les proprietes de ce feu fixe, et devenu principe des corps. C cst 
lui auquel nous donnerons particulierement Ic nom do matiere inflam- 
mable, du soufro principe, ou do Plilogistique, pour le distinguer du 
Feu pur.” 

Again, much the same thing is to bo found in Baume’s ‘ Manuel de 
Chymie 17G5 ; as for example : — 

“ Nous considerons le feu sous deux etats differens. Lorsqu’il cst 
pur, isole, et rqii*il no fait partie d aucun compose .... Lorsqu’il 
est combine avee d autres substances, et qu’il fait un des principcs 
constituans des corps composes .... On n’est pas certain si le feu 
est pesant. II y a des experiences pour et contre 

“ Pendant la combustion des substances, le feu combine se reduit 
en feu elomentaire, et se dissipe a mesure. Le celebro Boerhaave n’est 
cependant pas de ce sentiment ; il dit quo si cela 4toit, la quantite de 

feu elomentaire devroit augmenter a I’infini dans la nature 

Mais il est facile do ropondro a cettc objection, en disant comme on 
est on droit de lo prosumer, quo lo feu elomentaire, degage des corps, 
se combine a mesure avee d’autres substances, et qu’il perd toutes ses 
proprietes de feu libre, eu dovenant principo constituent des corps, 

dans la composition dosquels il entre Le principe dont nous 

entoiidoiis parlor ici, est cclui quo Stahl a nomme plilogistique'' 

In interpreting the above and other phlogistic writings by the 
light of modern doctrine, it is not meant to attribute to their several 
authors the precise notion of energy that now prevails. It is con- 
tended only that the phlogistians had, in their time, possession of a 
real truth in nature which, altogether h)st sight of in the intermediate 
period, has since crystallized out in a definite form. “ I trust,” said 
Becchor, “ that I have got hold of my pitcher by tho right handle.” 
And what he and his followers got hold of and retained so tenaciously, 
though it may be shiftingly and ignorantly, we now hold to know- 
ingly, definitely, and quantitatively, as part and parcel of the grandest 
generalization in science that has over yet been established . 

Lw.o.i 



Friday, May 26, 1871. 

Sir Henry Holland, Bart. M.D. D.C.L. F.R.S. President, 
in the Chair. 

W. J. Macquoen Eaneine, C.E. LL.D. F.R.S. 

On Sea Waves, 


The speaker in the first place gave a summary, illustrated by diagrams 
and machines, of existing knowledge of the mode of motion of water 
in waves, and of the geometrical and dynamical laws which govern the 
relations between the depth of disturbance of the w^ater, the velocity of 
advance of waves, their periodic time, and their length. Ho referred 
to the experimental and theoretical researches of previous authors on 
the subject, such as the Webers, Airy, Scott Russell, Caligiiy, c^c. 

He then explained tlic principle, of which Mr. Froude was tlie first 
to point out the importance, that the action of water agitated by waves 
upon a ship tends to make her perform the motions which would have 
been performed in her absence by the mass of water that slie displaces. 
In still water, the forces of gravity and of buoyancy tend to keep the 
ship upright, and if she has been heeled over, to restore her to the upright 
position, and that tendency constitutes the statical stahility or stiffness 
of the ship. Amongst waves the same forces, combined '^tvith the 
reactions due to the heaving motions of the w’atcr and of the sliip, tend 
to place her in the position called upright to the wave surface ; that is, 
with her originally vertical axis normal to the wave surface. If tho 
ship yielded passively to that tendency, like a broad and shallow raft, 
she would accompany tho waves in their rolling ; and thus, a ship 
having great stiffness may be very deficient in steadiness. Every ship 
has, like a pendulum, a natural period of rolling, depending on her 
stiffiiess, or tendency to right herself, and her moment of inertia, being 
a quantity depending on the distribution of her mass. Stiffness tends 
to shorten, and inertia to lengthen, the period. It was shown in 1862, 
by Mr. Froude, that tho greatest unsteadiness and tho greatest danger 
of being overturned take place when the periodic times of rolling of 
the ship and of the waves are equal ; for then each successive wave 
adds to the extent of roll ; and if the coincidence of tho periods were 
exact, the ship would inevitably bo overturned in the end. 

In the course of the present spring it has been pointed out that in 
well-designed ships a safeguard exists against the occurrence of such 
disasters. It is well known that no pendulum is absolutely isochronous ; 
but great oscillations occupy a longer time than small oscillations. In 
like manner, no ship is absolutely isochronous in her natural rolling ; 
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but great angles of roll occupy longer periods than small.* Hence, sup- 
posing a ship to encounter waves of a period equal or nearly equal to 
her own natural period for small angles of roll, her angle of rolling 
is at first progressively increased ; but at the same time her natural 
periodic time of rolling is increased, until it is no longer equal or 
nearly equal to the periodic time of the waves ; and thus she in a 
manner eludes the danger arising from coincidence of periods. In 
order, however, that this safeguard may act efiiciently, it is essential 
that the natural period of the ship for the smallest angles of roll should 
not bo less than the period of the waves ; otherwise the first effect of 
the progressive increase of angle will be, not to destroy, but to pro- 
duce coincidence of period ; and the result will be great unsteadiness 
of motion, and possibly great danger. 

The speaker described the above principles as being the latest 
additions to our knowledge of the theory of the relations between 
ships and sea-waves ; and he illustrated them by means of experiments 
on a machine so constructed as to imitate the dynamical condition of 
a ship rolling amongst waves. 

[W. J. M. B.] 


* Note (added 2nd Juno). — An exception to this rule exists in the case of that 

form of ship known as the ** Symondite,” in which the sides flare out at and near 
the water-lino, so as to make the stiffness increase faster than the angle of heel. 
In such ships the period of rolling sAortens when the angle increases ; and thus 
the well-known unsteadiness of large vessels of that model is accounted for. In 
a small boat, whose natural periodic time for the smalleot angle of roll is Sorter 
than that of any of the waves which she encounters, the Sytnondite model does 
not promote unsteadiness; for the shortening of the natimd period of rolling 
removes it farther f^om coincidence with the period of the waves. 




Friday, June 2, 1871. 

Sib Henby Holland, Bart. M.D. D.O.L. F.R.S. President, 
in the Chair. 

Thomas Andrews, M.D. P.R.8. 

VICE-PRESIDENT OF QUEEN'S COLLEGE, BELFAST. 


On the Oaseoua and Liquid States of Matter, 

The liquid state of matter forms a link between the solid and gaseous 
states. This link is, however, often suppressed, and the solid passes 
directly into the gaseous or vaporous form. In the intense cold of an 
Arctic winter ham ice will gradually change into transparent vapour 
without previously assuming the form of water. Carbonic acid snow 
passes rapidly into gas when exposed to the air, and can with diffi- 
culty be liquefied in open tubes. Its boiling point, as Faraday has 
shown, presents the apparent anomaly of being lower in the ther- 
mome^c scale than its melting point ; a statement less paradoxical 
than it may at first appear, if we remember that water can exist as 
vapour at temperatures far lower than those at which it can exist as 
liquid. Whether the transition bo directly from solid to gaseous, or 
from solid to liquid, and from liquid to gaseous, a marked^ change 
of physical properties occurs at each step or break, and heat is 
absorbed, as was proved long ago by Black, without producing 
elevation of temperature. Many solids and liquids will for this 
reason maintain a low temperature, even when surrounded by a white 
hot atmosphere, and the remarkable experiment of solidifying water, 
and even mercury, on a red-hot plate, finds thus an easy explanation. 
The term spheroidal state, when applied to water fioating on a 
cushion of vapour over a red-hot plate, is however apt to mislead. 
The water is not here in any peculiar state. It is simply water 
evaporating rapidly at a few degrees below its boiling point, and all 
its properties, even those of capillarity, are the properties of ordinary 
water at 96-5 C. The interesting phenomena exhibited under these 
conditions are due to other causes, and not to any new or peculiar 
state of the liquid itself. The fine researches of Dalton upon 
vapours, and the memorable discovery by Faraday of the liquefaction 
of gases by pressure Blone, finished the work which Black had begun. 
Our knowledge of the conations under which matter passes abruptly 
from the gaseous to the liquid, and from the liquid to the solid state, 
may now be regarded as almost complete. 

In 1822 Gagniard de La Tour made some remarkable experiments. 
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^vhich still bear his name, and may bo regarded as the starting-point 
of tho investigations which form the chief subject of this address. 
Cagniard de La Tour’s first experiments were made in a small 
Papin’s digester, constructed from the thick end of a gun-barrel, into 
which he introduced a little alcohol and also a small quartz ball, and 
firmly closed the whole. On heating the gun-barrel with its contents 
over an open fire, and observing from time to time the sound pro- 
duced by tho ball when the apparatus was shaken, he inferred that 
after a certain temperature was attained tho liquid had disappeared. 
He afterwards succeeded in repeating the experiment in glass tubes, 
and obtained the following results: — An hermetically-sealed glass 
tube, containing sufficient alcohol to occupy two-fifths of its capacity, 
was gradually heated, when the liquid was seen to dilate, and its 
mobility at the same time to become gradually greater. After attain- 
ing to nearly twice its original volume, tho liquid completely disap- 
peared, and was converted into a vapour so transparent that tho tube 
appeared to be quite empty. On allowing the tube to cool, a very thick 
cloud was formed, after which the liquid reappeared in its former state. 

It is singular that in this otherwise accurate description, Cagniard 
de La Tour '^hbfl.ld have overlooked the most remarkable appearance 
of all, tho moving or dickering striae, which fill the tube when, after 
heating it considerably, the temperature is quickly lowered. This 
phenomenon was first described by myself in 18G3, as it is seen in 
carbonic acid, which has been partially liquefied by pressure, and 
afterwards heated a little above 31°. It may be observed on a larger 
scale and to great advantage by heating such liquids as sulphurous 
acid or other in hermetically-sealed tubes. 

The experiments whoso results I am about to describe have 
occupied mo for a period of fully ten years ; they involved the con- 
struction of novel forms of a})])aratus, in which the properties of 
matter might be studied under varied conditions of temperature and 
pressure, such as had never been realized belorc. In my earlier 
attempts I endeavoured, as others had already done, to ust the 
expansive force of tho mixed gases which are disengaged in the 
electrolysis of water; and 1 w^as able in this way to obtain pressures 
of 150 atmospheres and even more in glass tubes ; but the method 
was in many resj^ects defective, and more than one dangerous 
explosion occurred, so that I eventually abandoned it. 

In the apparatus finally adoi)ted, the gas to bo compressed is 
enclosed in a long glass tube, of which the greater part of tho length, 
or about 150 millimetres, has a capillary bore, and the remainder, 
about 150 millimetres, an internal diameter of 2 millimetres. Tho 
free capillary end is sealed, while tho gas in a pure and dry state is 
passing through; while at tho other end tho gas is confined by a 
movable column of mercury. Tho details of the method by which 
this is accomplished will bo found in the Bakerian lecture for 1869, 
to which I must also refer for an account of the process by which 
the original volume of the gas at the fi*cezing point of water and 
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under one atmosphere of pressure was determined, and also the 
volumes of the same gas deduced from the observed measure- 
ments when it was compressed at different pressures in the capillary 
tube. 

A conical protuberance on the capillary part of the tube, a little 
above its junction with the wider part, corresponded as nearly as pos- 
sible with a hollow cone in a stout brass flange, the joint being 
rendered perfectly tight by careful packing. The body of the apparatus 
consisted of two cold-drawn copper tubes of gieat strength, to the ends 
of which four massive brass flanges were firmly attached. Two cor- 
responding flanges or end pieces, each carrying a fine steel screw packed 
witii great care, were bolted on the lower flanges. The success of the 
experiments depended greatly on the packing of this screw. It was 
effected by means of a number of leather washers, tightly pressed down 
and saturated in vacuo with melted lard. The apparatus was now filled 
with water ; the flanges with the glass tubes, one containing the gas to 
be examined, the other air or hydrogen to act as a manometer or 
measure of the pressure, were bolted down upon the upper flanges of 
the copper tubes. The joints had always leather washers interposed ; 
and when sufficiently tightened, they resisted any pressure which could 
be applied, even for an indefinite time. The two copper tubes wore 
connected by a fine horizontal tube, so that the whole of the interior of 
the appai’atus was in free communication. The pressure was obtained 
by screwing one or other of the steel screws into the water. 1 have 
recently had the apparatus constructed of iron and filled with mercury. 
As mercury is much less compressible than water, the same length of 
screw produces a greater pressure on the interior of the apparatus, even 
with a larger cavity. There are other advantages in this foffli of the 
apparatus which I hope will facilitate future research. The objection 
to it is its extreme sensitiveness to changes of temperature, so that a 
variation of pj^oth of a degree alters the internal pressure by several 
atmospheres. 

In the actual experiments the gas under examination does not come 
into view till it has entered the capillary tube, and is exposed to a 
pressure of thirty or forty atmospheres. The limit of the pressure 
which can be obtained has hitherto been the capacity of resistance of 
the glass tubes to bursting. Fine thermometer glass tubes of white 
glass will frequently burst when exposed to a pressure of little more 
than 100 atmospheres ; but green glass tubes of good quality are much 
stronger, and will easily bear a pressure of 300 atmospheres. One 
of the strongest forms of glass capillary tube for resisting internal 
pressure is obtained by drawing out a thick green glass tube, heated to 
softening, till it becomes so fine as to be flexible. Tubes of this kind 
can easily be drawn ^out at the blowpipe table, and obtained of very 
uniform bore. I have compressed sir in such tubes to 4^0 ^ 

ordinary volume without bursting the tubes. 

Two rectangular brass cases, closed before and behind with plate- 
glass, surround, one the manometer, and the other the tube containing 
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the gas to be examined, and allow them to bo maintained at any 
required temperature by the flow of a stream of water. The manometer 
was maintained as nearly as possible at the temperature of the apart- 
ment ; the tube containing the gas, on the contrary, was maintained at 
different temperatures, according to the object in view. The following 
observations, published in 1863, contain the results of my earliest 
experiments on this subject : — “ On partially liquefying carbonic acid 
by pressure alone, and gradually raising the temperature at the same 
time to 88 ' Fahr., the surface of demarcation between the liquid and 
gas becomes fainter, loses its curvature, and at last disappears. The 
space is then occupied by a liomogencoiis fluid, which exhibits when the 
pressure is suddenly diminished or the temperature slightly lowered, a 
peculiar appearance of moving or flickering striee throughout its entire 
mass. At temperatures above 88*^ no apparent liquefaction, or separa- 
tion into two distinct forms of matter, could be effected, even when a 
pressure of 300 or 400 atmospheres was a 2 )plicd. Nitrous oxide gave 
analogous results.” 

The flickering striae referred to can be admirably shown, as I 
mentioned before, in hermetically-sealed tubes of strong glass, par- 
tially filled with.'^nch liquids as sulphurous acid or ether. The liquid 
must in the first instance bo heated a few degrees above what I have 
designated the “ critical ” point. The appearances exhibited by tho 
ascending and descending sheets of matter of unequal density are 
most remarkable, but must be seen in order to be understood. They 
only occur in this striking form in fluids heated a little above the 
critical point, and are produced by the great changes of density which 
slight variations of pressure or temperature produce in this case. 
They arc always a clear proof that the matter in the tube is homo- 
geneous, and tliat we have not liquid and gas in presence of ono 
another. These stria) are in sliort only an extraordinary development 
of the movements seen in ordinary liquids and gases when they are 
heated from bedow'. The experiments to be immediately described 
will explain their great intensity above the critical point. 

When the temperature falls below tho critical point, the formation 
of a cloud indicates that wo have now heterogeneous matter in the 
tube, fine drops of liquid in presence of a gas. Wo must take care, 
however, not to sup])ose that a cloud necessarily pr('ccdcs the forma- 
tion of true liquid. If the pressure be sufficiently great no cloud of 
any kind will form. 

I now proceed to describe tho general results of tho experiments 
upon carbonic acid. If a certain volume of carbonic acid at the tem- 
perature of 13°' 1 and under a pressure of one atmosphere be exposed 
to a gradually-increasing pressure, its volume will steadily diminish, 
but at a faster rate than according to Boyle’s law, till at the pressure 
of 48 * 9 atmospheres its volume is reduced to about of tho original 
volume at one atmosphere. Liquefaction now begins and continues 
with very slight augmentation of pressure, the necessity for which I 
traced to the presence of a minute quantity of air (about T-^th part) 
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in the carbonic acid. On augmenting the pressure after liquefaction, 
the volume slowly diminished, but at a much faster rate than in the 
case of ordinary liquids. Later experiments carried to much higher 
pressures have fully confirmed this result. At 21° ’5 similar results 
were obtained, but a pressure of nearly 60 atmospheres was required 
before liquefaction began. 

At 30° *9 C., or 87° *7 Fahr., the critical point of temperature is 
reached. It is the temperature at which liquid ceases to be formed 
under any pressure. At a temperature a little below this point the 
surface of separation between liquid and gas becomes very faint and 
loses its curvature, the density and other physical properties of the 
liquid and gas being now identical and the tube filled with homo- 
geneous matter. If the temperature and pressure bo kept steady, no 
evidence of heterogeneity will be obtained by optical tests under the 
most varied conditions of volume. 

If we now follow the course of a given volume of carbonic acid gas 
at 31° • 1, or 0°*2 above the critical point, we shall find that its course 
resembles that of the gas at lower temperatures till the volume is 
reached at which liquefaction might bo expected to begin. A rapid 
but not (as in the case of the formation of liquid) abrupt fall then 
superveneSj after which the carbonic acid undergoes a slow diminution 
of volume as the pressure augments. The curves, which are hero 
exhibited as they were represented in the Bakerian lecture, illustrate 
very clearly these statements. We have tlius carbonic acid at 0^*2 
above the critical point, and at a pressure of 73 atmospheres behaving 
very nearly as if it liquefied. At this pressure an augmentation of 
only ^'yth of the entire pressure diminishes the volume of the carbonic 
acid to about one half. Yet during the whole of this fall, no 'CVidenco 
of heterogeneity, or of two states of matter present together in the tul)e, 
could at any period be obtained. Carbonic acid at this temperature 
of 31° • 1, and under a pressure of 75 atmospheres, behaves much more 
as a liquid 'than as a gas when the pressure is either augmented or 
diminished; yet it never exhibits under any conditions the charac- 
teristic properties of the liquid state ; that is to say, no surface of 
separation is formed by change of pressure, nor will it collect into 
drops and form a cloud. 

At 32° '5 the fall, when liquefaction might be expected, is less 
abrupt than at 31°* 1; and at 35° *5, although still manifest, it is 
further reduced. At 48° *1 the fall shown at lower temperatures can 
no longer bo distinctly observed, and the curve representing the 
change of volume approximates to that of a perfect gas. There can 
be little, if any, doubt that at a higher tcmi>craturo carbonic acid 
would behave under augmenting pressures nearly as nitrogeb or 
hydrogen.* 

* These different modes of passing from the piseous to the liquid state aro 
admirably illustrated by a solid model constnicte«l by Prof. J. Thomson, which was 
exhibited at the lecture. I have been favoured by Prof. Thomson with the follow- 
ing description of this model — 
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I have frequently exposed carbonic acid, without making precise 
measurements, to much higher pressures than any of the foregoing, 
and have made it pass without break or interruption from what is 
regarded by every one as the gaseous state, to what is, in like manner, 
universally regarded as the liquid state. Take, for example, a given 
volume of earbonic aeid gas at 50° C., or at a higher temperature, and 
expose it to increasing pressure till 150 atmospheres have been 
reached. In this process its volume will steadily diminish as the 
pressure augments, and no sudden diminution of volume, without the 
application of external pressure will occur at any stage of it. When 
the full pressure has been apjdied, let the temperature be allowed 
to fall till the carbonic aeid has reached the ordinary temperature 
of the atmosphere. During the whole of this operation no breach of 
continuity has occurred. It begins with a gas, and by a series of 
gradual changes, presenting nowhere any abrupt alteration of volume 
or sudden evolution of heat, it ends with a liquid. The closest 
observation fails to discover anywhere indications of a change of 
condition in the carbonic acid, or evidence, at any period of the pro- 
cess, of part of it being in one physical state and part in another. 
That the gas hay i.'lually changed into a liquid would, indeed, never 
have been suspected, had it not shown itself to bo so changed by 


“The model coiiibineii Dr. Andrewa’ cxporimeutal results iu a manner tending 
to show clearly their mutual correlation. It consi&ts of a curved surface referred 
to three axes of rectangidar co-ordinatca, and foniKHi so thf*t the three co-ordinates 
of eiieli point in the curved surface represent, for any given mass of carbonic acid, 
a preHsuie, a tempera tine, and a volume, which can co-exist in that muss. 

“ In Dr. Andrews’ diagram of curves, published in his paper in the ‘ Transac- 
tions of the Royal Society for 18Gi),’ p. the experimental results, for each 
of several temperatures experimented on, are combined in the form of a plane 
curved line referred to two axes of rectangular co-ordiuates. The curved surface 
in the model is obtained by placing these curved lines with their planes parallel to 
one anotlier, and sejiaratcd by intervals proportional to the difterences of the tem- 
peratures to which the curves severally belong, and with the origins of co-or«lpiates 
of tlie curves bituah'd in a stmight lino ix'rpeudicular to their planes, and with the 
axes of co-ordinates of all of them parallel in pairs to one anotlier, and by cutting 
the curved siuf.u'c out so ns to pass tlirougb those curved lines smoothly or evenly. 

“ The curved surface so obtained exliibits in a veiy obvious way the remnikablo 
phenomena of the volumiual conditions at and near the criticid point of temiiera- 
ture and iiressuic in comparison witli the volumiual conditions tliroughout other 
parts of the indefinite range of gra<lually varying tempeiatnres and pressures. 
This curved surface also helps to nttbrd a clear view of tho nature and meaning of 
the contiimity of the li(piid and gaseous states of matter. It does so by its own 
obvious continuity throughout tho expanse to which it might bo extended round 
the outside of the critic.d point in rtHiediug from tho range of tho points of pres- 
sure and teuii>(‘rature where an abrupt change of volume con occur by gasification 
or condensation. On the curved surface in the model, Dr. Andrews’ curves for the 
temperatures 13^*1, 21^-5, 31^*1, 3.Y*5, and 48'''1 centigrade, from which it was 
constructed, are shown drawn in their projnT places. Tho model admits of easily 
exhibiting in due relation to one another a second se; >f curves in which each 
curve would bo for a constant pressure, and in which the co-ordinates would re- 
present temperatures and corresponding volumes. It mtvcs generally as an aid 
towards bringing tlic whole subject clearly before the mind.” 
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ontoring into ebullition on the removal of the pressure. For con- 
venience, this process has been divided into two stages, the com- 
pression of the carbonic acid and its subsequent cooling; but these 
operations might have been performed simultaneously, if care were 
taken so to arrange the application of the pressure and the rate of 
cooling, that the pressure should not be loss than 76 atmospheres 
when the carbonic acid had cooled to 31°. 

We are now prepared for the consideration of the following 
important question. What is the condition of carbonic acid when it 
passes, at temperatures above 31°, from the gaseous state down to the 
volume of the liquid, without giving evidence at any part of the pro- 
cess of liquefaction having occurred ? Docs it continue in the gaseous 
state, or does it liquefy, or have we to deal with a new condition 
of matter? If the experiment w'ero made at 100°, or at a higher 
temperature, when all indications of a fall had disappeared, the pro- 
bable answer which would be given to this question is that the gas 
preserves its gaseous condition during the compression; and few 
would hesitate to declare this statement to be true, if the pressure 
were applied to such gases as hydrogen or nitrogen. On the other 
hand, when the experiment is made with carbonic acid at tempera- 
tures a little above 31°, the great fall which occurs at one period of 
the process would lead to the conjecture that liquefaction had actually 
taken place, although optical tests carefully applied faileil at any time 
to discover the presence of a liquid in contact with a gas. But 
against this view it may be urged with great force, that the fact of 
additional pressure being always required for a further diminution 
of volume, is opposed to the known laws whiuJi hold in the change of 
bodies from the gaseous to the liquid state. Besides, the higher the 
temperature at which the gas is comj)res8ed, the less the fall becomes, 
and at last it disappears. . 

The answer to the foregoing question, according to what appears 
to me to be the true interpretation of the experiments already de- 
scribed, is to be found in the close and intimate relations which 
subsist between the gaseous and liquid states of matter. The ordi- 
nary gaseous and ordinary liquid states arc, in short, only widely 
separated forms of the same condition of matter, and may be made to 
pass into one another by a scries of gradations so gentle that the pas- 
sage shall nowhere present any interruption or breach of continuity. 
From carbonic acid as a perfect gas to carbonic acid as a perfect 
liquid, the transition w'o have seen may be accomplished by a conti- 
nuous process, and the gas and liquid arc only distant stages of a long 
series of continuous physical changes. Under certain conditions of 
temperature and pressure, carbonic acid finds itself, it is true, in what 
may bo described as a state of instability, and suddenly passes, with 
evolution of heat, and without application of additional pressure or 
change of temperature, to the volume, which by the continuous process 
can only be reached through a long and circuitous route. In the 
abrupt change which here occurs, a marked difference is exhibited. 
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while the process is going on, in the optical and other physical pro- 
perties of the carbonic acid which has collapsed into the smaller 
volume, and of the carbonic acid not yet altered. There is no difficulty 
here, therefore, in distinguishing between the liquid and the gas. But 
in other cases the distinction cannot bo made ; and under many of the 
conditions I have described it would be vain to attempt to assign car- 
bonic acid to the liquid rather than the gaseous state. Carbonic acid, 
at the temperature of 35^*5, and under a 2)ressure of 108 atmospheres, 
is reduced to of the volume it occupied under a pressure of one 
atmosphere ; but if anyone ask whether ii is now in the gaseous or 
liquid state, the question does not, I believe, admit of a positive reply. 
Carbonic acid at 35-'*5, and under 108 atmospheres of pressure, stands 
nearly midway between the gas and the liquid ; and we have no valid 
grounds for assigning it to the one form of matter any more than to 
the other. The same observation would apply with even greater force 
to the state in which carbonic acid exists at higher temperatures and 
under greater pressures than those just mentioned. In shf-rt, the 
passage under great pressures from tlie liquid to the gaseous state 
may be effected by the api)lication of heat without break or broach of 
continuity. That a marked change in the physical properties of the 
substance occurs during this process is no objection to its being con- 
tinuous, If mercury as a liquid is opaque and as a gas is transparent, 
the red and translucent bromine, on the other hand, when heated above 
the critical point, becomes so opaque as almost to resemble a mass of 
resin, Frankland has shown that the flame of hydrogen becomes con- 
tinuous when the gas is burned under a pressure of 20 atmospheres, 
and these experiments have been since extended by the same able 
chemist and Lockyer. Wo must not, however, suppose that one inter- 
mediate state exists between liquid and gas ; on the contrary, an inflnite 
succession of intermediate states may truly be said to connect the liquid 
proper and the gas proper ; in other words, the passage is continuous. 
When the critical point is attained, the density of the liquid and gas 
becomes the same, and the tube is filled with homogeneous matter. 

As regards the question of the continuity of the solid and liquid 
states, it would be necessary, in order to establish this continuity, to 
obtain, by the combined action of heat and pressure, the solid and 
liquid of the same density and of like physical properties. To accom- 
plish this result will probably require pressures far beyond any which 
can be reached in transparent tubes ; but it may bo possible to show 
by experiment that the solid and liquid can bo made to approach to the 
required conditions. 

fT. A.J 



Friday, June 9, 1871. 

Sib Henry Holland, Bart. M.D. D.C.L. F.II.S. President, 
in the Chair. 

John Tyndall, Esq. LL.D. F.R.S. 

PROFESSOR OF NATURAL PHILOSOPHY. ROYAL INSTITUTION. 

On Dust and Smoke. 

After a few preliminary experiments illustrative of the polarization 
of light, Professor Tyn^ll adverted to the polarization of light by 
fine dust, by the sky, and by the coarser particles of smoko. In the 
former the direction of maximum polarization, as in the case of the 
sky, is at right angles to the illuminating beam. In the latter, 
according to the observations of Govi, the maximum quantity of 
polarized light was discharged obliquely to the beam. Govi’s obser- 
vation of a neutral point in such beam, on one side of which the 
polarization was positive and on the other side negative, was also 
referred to. The additional fact was then adduced that the position 
of the neutral point varied with the density of the smoke. Beginning, 
for example, with an atmosphere thickened by the dense fumes of 
incense, resin, or gunpowder, and observing the neutral point, its 
direction was first observed to be inclined to the beam towards the 
source of illumination. Opening the windows so as to allow the 
smoke to escape gradually, the neutral point moved down the beam, 
passed the end of a normal drawn to the beam from tluT eye, and 
gradually moved forward several feet down the beam. The speaker 
did not halt at these observations ; they were introduced as the starting- 
point of inquiries of a different nature, and after their introduction 
the discourse proceeded thus : — 

But what, you may ask, is the practical good of these curiosities ? 
And if you so ask, my object is in some senses gained, for I intended 
to provoke this question. I confess that if we exclude the interest 
attached to the observation of new facts, and the enchancement of that 
interest through the knowledge that by-and-by the facts will become 
the exponents of laws, these curiosities are in themselves worth nothing. 
They will not enable us to add to our stock of food, or drink, or clothes, 
or jewellery. But though thus shorn of all usefulness in them- 
selves, they may, by leading tho mind into places which it would 
not otherwise have entered, become the antecedents of practical oonso- 
quonces. In looking, for example, at this illuminated dust, we may 
ask ourselves what it is. How does it act, not upon a bo4im of light, 
but upon our own lungs and stomachs ? The question at once 
assumes a practical character. We find on examination that this dust 
is organic matter — in part living, in part dead. There are among it 
particles of ground straw, tom rags, smoke, tho pollen of flowers, the 
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Bpores of fiingi, and the germs of other things. But what have they 
to do with the animal economy? Let me give you an illustration 
to which my attention has been lately drawn by Mr. George Henry 
Lewes, who wiites to me thus : — 

“I wish to direct your attention to tho experiments of Von 
Becklingshausen should you happen not to know them. They are 
striking confirmations of what you say of dust and disease. Last 
spring, when I was at liis laboratory in Wurzburg, I examined with 
him blood that had been three weeks, a month, and five weeks, out of 
the body, preserved in little porcelain cups under glass shades. This 
blood was living and growing. Not only were tho Amceba-liko move- 
ments of tho white corpuscles present, but there were abundant 
evidences of the growth and development of the corpuscles. I also 
saw a frog’s heart still pulsating which had been removed from the 
body (I forgot how many days, but certainly more than a week). 
There were other examples of tho same persistent vitality or absence 
of putrefaction. Von Kocklingshausen did not attribute this to the 
absence of germs — germs were not mentioned by him ; but when I 
asked him how he represented the thing to himself, ho said tho whole 
mystery of his operation consisted in keeping the blood free from dirt, 
Tho instruments employed were raised to a red licat just before use, 
tho thread was silver thread and was similarly treated, and the porce- 
lain cups, though not kept free from air, were kept free from currents. 
He said he often had failures, and these ho attributed to particles of 
dust having escaped his precautions.” 

Professor Lister, who has founded upon tho reuioval or destruction 
of tliis “ dirt” great and numerous improvements in surgery, tells us 
tho eflect of its introduction into tho blood of wounds. Ho informs us 
what would happen with the extracted blood should the dust get at it. 
The blood would putrefy and become fetid ; and w hen you examine 
more closely what putrefaction means, you find the putrefying sub- 
stance swarming with organic life, the germs of which have been 
derived from the air. 

Another note which I received a day or two ago has a bearing 
particularly significant at the present time upon this question of dust 
and dirt, and tho wisdom of avoiding them. The note is from Mr. 
Ellis, of Sloane Street, to whom I owe a debt of gratitude for advice 
given to me when sorely wounded in tho Alps. “I do not know,” 
writes Mr. Ellis, “ whether you happened to see the letters, of which 
I enclose you a reprint, when they appeared in ‘ Tho Times.’ But I 
want to tell you this in reference to my method of vaccination as here 
described ; because it has, as I think, a relation to tho subject of the 
intake of organic particles from without into tho body. Vaccination 
in tho common way is done by scraping off the epidermis, and thrust- 
• ing into the punctures made by the lancet the vaccine virus. By the 
method I use (and have used for more than t^ nty years) the epi- 
dermis is lifted by tho effusion of serum from below, a result of the 
irritant cantharadiue applied to tho skin. Tho little bleb thus formed 
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is pricked, a drop of fluid let out, and then a fine vaccine point is put 
into this spot, and after a minute of delay it is withdrawn. The epi- 
dermis falls back on the skin, and quite excludes the air — and not the 
air only, but what the air contains. 

“ Now mark the result — out of hundreds of cases of re-vaccination 
which 1 have performed, I have never had a single case of blood- 
poisoning or of abscess. By the ordinary way the occurrence of 
secondary abscess is by no means uncommon, and that of pyaemia is 
occasionally observed. I attribute the comparative safety of my 
method entirely, first, to the exclusion of the air and what it contains ; 
and, secondly, to the greater size of the apertures for the inlet of 
mischief made by the lancet.” 

I bring these facts forward that they may be sifted and challenged 
if they be not correct. If they are correct it is needless to dwell upon 
their importance, nor is it necessary to say that if Mr. Ellis had 
resided himself wholly to the guidance of the germ theory he could 
not have acted more in accordance with the requirements of that theorjr 
than he has actually done. It is what the air contains that does the 
mischief in vaccination. Mr. Ellis’s results fall in with the general 
theory of putrefaction propounded by Schwann, and developed in this 
country with such striking success by Professor Lister. They point, if 
true, to a cause distinct from bad lymph for the failures and occasional 
mischief incidental to vaccination ; and if followed up they may be the 
means of leaving the irrational opposition to vaccination no ground to 
stand upon, by removing even the isolated cases of injury on which 
the opponents of the practice rely. 

We are now assuredly in the midst of practical matters. With 
your permission I will recur once more to a question wlii«h has re- 
cently occupied a good deal of public attention. You know that as 
regards the lowest fonqs of life, the world is divided, and has for a 
long time been divided, into two parties, the one affirming that you 
have only to submit absolutely dead matter to certain physical condi- 
tions to evolve from it living things ; the other, without wishing to 
set bounds to the power of matter, affirming that in our day no life has 
ever been found to arise independently of pre-existing life. Many of 
you are aware that I belong to the party which claims life as a deri- 
vative of life. The question has two factors : tho evidence, and the 
mind that judges of the evidence ; and you will not forget that it may 
be purely a mental set or bias on my part that causes me throughout 
this discussion from beginning to end, to see on the one side dubious 
facts and defective logic, and on the other side firm reasoning and a 
knowledge of what rigid experimental inquiry demands. But judged 
of practically, what, again, has the question of Spontaneous Generation 
to do with us ? Let us see. There are numerous diseases of mem and 
animals that are dofnonstrably the products of parasitic life, and such 
diseases may take the most terrible epidemic forms, as in tlio case of 
the silkworms of Franco in our day. Now it is in the highest degree 
important to know whether the parasites in question are spontaneously 
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developed, or are wafted from without to those afflicted with the disease. 
The means of prevention, if not of cure, would be widely different in 
the two cases. 

But this is by no means all. Besides these universally admitted 
cases, there is the broad theory now broached and daily growing in 
strength and clearness — daily, indeed, gaining more and more of assent 
from the most successful workers and profound thinkers of the medi- 
cal profession itself — the theory, namely, that contagious disease 
generally is of this parasitic character. If I had heard or read any- 
thing since to cause mo to regret having introduced this theory to 
your notice more than a year ago, I should here frankly express that 
regret. I would renounce in your presence whatever leaning towards 
the germ theory my words might then have betrayed. Let me state 
in two sentences the grounds on which the supporters of the theory 
rely. From their respective viruses you may plant typhoid fever, 
scarlatina, or small-pox. What is the crop that arises from this 
husbandry? As surely as a thistle rises from a thistle seed, as 
surely as the fig comes from the fig, the grape from the grape, the thorn 
from the thorn, so surely does the typhoid virus increase and multiply 
into typhoid fever the scarlatina virus into scarlatina, the small-pox 
virus into small-pox. Wliat is the oonolusion that suggests itself 
hero? It is this : — That the thing which wo vaguely call a vims is to 
all intents and purposes a i^eed : that, excluding the notion of vitality, 
in tho whole range of choniical science you cannot point to an action 
which illustrates this perfect parallelism with tho phenomena of life — 
this demonstrated power of self- multiplication and reproduction. The 
germ theory alone accounts for the phenomena. 

And hero you see the bearing of the doctrine of Spontaneous 
Generation upon tliis question. For if tlic doctrine continues to l>e 
discredited as it has hitherto been, it will follow that tho epidemics 
which spread liavoc amongst us from tinn* to time arc not sponta- 
neously generated, but that they arise from an anccistral stock whose 
habitat is tho human body itself. It is not on bad air or foul diains 
that the attention of the physician will ju’imarily l)o fixed, but upon 
disease germs which no bad air or foul drains can create, but which 
may bo pushed by foul air into virulent energy of reproduction. You 
may think T am treading on daugert)U8 ground, that I am putting 
forth views that may interfere with salutary practice. No such thing. 
If you wish to hiarn the impotence of medical science and practice 
in dealing with contagious diseases, you have only to refer to a recent 
Ilarveian oration by Dr. Gull. Such diseases defy tho physician. 
They must burn themselves out. And indeed this, though I do not 
specially insist upon it, would favour the idea of their vital origin. 
For if the seeds of contagious disease be themselves living things, 
it will ho difficult to destroy either them or their progeny without 
involving their living habitat in the same destruction. 

And I would also ask you to be cautious in accepting tho state- 
ment which has l)een so often made, and which is sure to be repeated, 
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that I am quitting my own mkier when I speak of these things. I 
am not dealing with professional questions. I am writing no pro- 
scription, nor should I venture to draw any conclusion from the con- 
dition of your pulse and tongue. I am dealing with a question on 
which minds accustomed to weigh the value of experimental evidence 
are alone competent to decide, and regarding which, in its present 
condition, minds so trained are as capable of forming an opinion as 
on tlie phenomena of magnetism and radiant heat. I cannot better 
conclude tliis portion of my story than by reading tj) you an extract 
fi'om a letter addressed to me some time ago by Dr. William Dudd, 
of Clifton, to whoso insight and energy the town of Biistol owes so 
much in the way of sanitary improvement. 

“ As to the germ theory itself,” writes Dr. Budd, “ that is a 
matter on which I have long since made up my mind. From the day 
when I first began to think of tlicso subjects, I have never had a 
doubt that the specific cause of contagious fevers must be living 
organisms. 

‘‘ It is impossible, in fact, to make any statement bearing upon 
the essence or distinctive characters of these fevers, without using 
terms which are of all others the most distinrfire of life. Take up the 
writings of the most violent opponent of the germ theory, and, ton 
to one, you will find them full of such terms as ‘ propagation,’ ‘ self- 
propagation,’ ‘ reproduction,’ ‘ self-multiplication,’ and so on. Try as 
he may — if he has anything to say of tliose diseases which is charac- 
teristic of them — he cannot evade the use of these terms, or the exact 
equivalents to them. While perfectly applicable to living things, 
these terms express qualities which are not only inapplicable to com- 
mon chemical agents, but as far as I can see actually inconceivablo 
of them.” 

Once then established within the body, this evil form of life, if 
you will allow mo to call it so, must run its course. Medicine as 
yet is powerless to arrest its progress, and the groat point to be 
aimed at is to prevent its access to the body. It was with this 
thought in my mind that I ventured to recommend, more than a 
year ago, the use of cotton-wool respirators in infectious places. I 
would here repeat my belief in their efficacy if properly constructed. 
But I do not wish to prejudice the use of these respirators in the 
minds of its opponents by connecting them indissolubly with the 
germ theory. There are too many trades in England where life is 
shortened and rendered miserable by the introduction of matters into 
the lungs which might be kept out of them. Dr. Greenhow has 
shown the stony grit deposited in the lungs of stonecutters. The 
black lungs of colliers is another case in point. In fact, a hundred 
obvious cases might be cited, and others that are not obvious might 
be added to them. We should not, for example, think that printing 
implied labours where the use of cottonrwool respirators might come 
into play ; but I am told that the dust arising from the sorting of the 
type is very destructive of health. I went some time ago into a manu- 
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factory in one of our large toAvns, where iron vcBsels are enamelled by 
coating them with a mineral powder, and subjecting them to a heat 
sufficient to fuse the powder. The organization of the establishment 
was excellent, and one thing only was needed to make it faultless. 
In a largo room a number of women wore engaged covering the 
vessels. The air was laden with the fine dust, and their faces ap- 
peared as white and bloodless as the powder with which tlioy worked. 
By the use of cotton-wool respirators these women might be caused 
to breathe air more free from suspended matters than that of the 
open street. Over a year ago I was written to by a Lancashire seeds- 
man, who stated that diu*ing the seed season of each year his men 
suffered horribly from irritation and fever, so that many of them left 
his service. He asked me could I help him, and I gave him my 
advice. At the conclusion of the season this year he wrote to me 
that he had simply folded a little cotton-wool in muslin, and tied it 
in front of the mouth; that he had passed through the season in 
comfort and without a single complaint from one of his men. 

The substance has also been turned to other uses. An invalid 
tfdls me that at night he places a little of the wool before his mouth, 
slightly moiste^biff it to make it adhere ; that he has thereby pro- 
longed his shop, abated the irribition of his throat, and greatly miti- 
gated a hacking cough from which he liad long suffered. In fact, 
there is no doubt tliat this substance is capable of manifold useful 
applications. An objection was urgid against the use of it: that it 
became wet and heated by the breath. Wliile I was casting about 
for a remedy for this, a friend forwarded to me from Newcastle a 
form of respirator invented by Mr. Carrick, an hotel-keeper at Glas- 
gow, which me('ts the case cticctually, and by a slight modification 
may be caused to meet it perfectly. The respirator, with its back in 
j)art removed, is showm in Fig. 1. It consists of the space under the 
partition of wire gauze q r, 
intended by Mr. Carrick for 
“ medicated substances,” and 
which may bo tilled with cot- 
ton- wool. Th() mouth is jdaced 
against the aperture O, wliich 
fits closely round the lips, #n 
and the air enters the mouth 
through the cotton-wool by a 
light valve V, which is lifted by 
the act of inhalation. During 
exhalation this valve closes ; 
another breath escapes by a 
second valve, V', into the oixjii 
air. The wool is thus kept 
dry and cool ; the air in pass- 
ing through it being filtered of everything it holds in suspension.* 

* Mr. Ladd, of Beak Street, sella these respirators. 
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We have thus been led by our first unpractical experiments into 
a thicket of practical considerations. In taking tho next step, a per- 
sonal peculiarity had some influence upon mo. The only kind of 
fighting in which I take the least delight, is tho conflict of man with 
nature. I like to see a man conquer a peak or quench a conflagration. 
I remember clearly the interest 1 took twenty years ago in seeing 
the firemen of Berlin coiiiending for mastery with a fire which had 
burst somewhere near tho Brandenburger Thor; and I have often 
experienced the same interest in tho streets of London. Admiring 
as I do the energy and bravery of our firemen, and having heard that 
smoke was a greater enemy to them than flame itself, tlie desire arose 
of devising a fireman’s respirator. But before I describe what has 
been done in this direction, let me draw your attention to the means 
hitherto employed to enable a man to live in dense smoke. Thanks 
to the courtesy of Capt. Shaw, I am enabled to show you the action 
of the “ smoke-jacket,” known abroad as the “ Appareil Paulin,” from 
its supposed inventor. The jacket is of pliable cowhide. It has 
arms and a hood, with eye-glasses. With straps and buckles the 
jacket is tied round the wrists and waist, and a strap which passes 
between tho legs prevents it from rising. On the left side of tho 
jacket is fixed a screw, to which the ordinaiy hose of the fire-engine is 
attached, and through the hose air instead of water is urged into tho 
space between the fireman’s body and tho jacket. It becomes partially 
inflated, but no pressure of any amount is attainable, because the air, 
though somewhat retarded, escapes with tolerable freedom from the 
wrists and waist. Hence the fireman, when his hose is long enough, 
can deliberately walk into the densest smoke or foulest air. But you 
see the use of the smoke-jacket necessitates the presence ofrseveral 
men ; it also implies the presence of an engine. A single man could 
make no use of it, nor indeed any number of men witlioiit a pumping 
engine. Its uses are thus summed up in a communication addressed 
to me by Captain Shaw : — 

“ This smoke-jacket is very useful for extinguishing fires in vaults, 
stopping conflagrations in the holds of ships, and penetrating wells, 
quarries, mines, cesspools, &c. — any places, in short, where the air has 
become unfit for respiration. 

“ The special advantages of this jacket are its great simplicity, its 
facility for use, and the rapidity with which it can be carried about 
and put on ; but its drawback is that it requires the use of an engine 
or air-pump, and consequently is of no service to one man alone. For 
this latter reason smoke-jackets, although very eftcctive for enabling 
us to get into convenient places for extinguishing fires, have very 
rarely proved of any avail for saving life” 

Now, it is that very want that I thought ought to bo supplied by a 
suitable respirator. Our fire-escapes are each in charge of a single 
man, and I wished to bo able to place it in the power of each of tboso 
men to penetrate through the densest smoke inb> the recesses of a 
house, and there to rescue those who would otherwise bo suftbeated or 
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biirut. I thought that cotton-wool, which so elfectually arrested dust, 
might also bo influential in arresting smoko. It was tried ; but, though 
found soothing in certain gentle kinds of smoke, it was no match for 
the pungent fumes of a resinous fire, which we employ in our experi- 
ments in the laboratory, and which, I am gratified to loam from Cap- 
tain Shaw, evolves the most abominable smoke with which he is ac- 
quainted. I cast about for an improvement, and in conversing on the 
subject with my friend Dr. Debus, ho suggested the use of glycerine 
to moisten the wool, and render it more adhesive. In fact, this very 
substance had been employed by the most distinguished advocate of 
the doctrine of spontaneous generation, M. Pouchet, for the purpose 
of catching the atmospheric germs, lie spread a film of glycerine on 
a plate of glass, urged air against tlie film, and examined the dust 
which stuck to it. The moistening of the cotton- wool with this sub- 
stance was a decided improvement ; still the respirator only enabled us 
to remain in dense smoke for three or four minutes, after which the 
irritation became unendurable.* Reflection suggested that in combus- 
tion so imperfect as the production of dense smoko implies, there 
must be numerous hydi'ocorbons produced, which, being in a state of 
vapour, would be ^ very imperfectly arrested by the cotton-wool. Those 
in all probability were the cause of the residual irritation ; and if 
these could bo removed, a practically perfect respirator might possibly 
be obtained. 

I state the reasoning exactly as it occurred to my mind. Its result 
will bo anticipated by many present. All bodies possess the power of 
condensing in a greater or less degree gases and vapours upon their 
surfaces, and when the condensing body is very porous, or in a fine 
state of division, the force of condensation may produce very remark- 
able elTects. Thus, a clean piece of platinum-foil placed in a mixture 
of oxygen and hydrogen so squeezes the gases together as to cause 
them to combine ; and if the experiment be made with care, the heat 
of combination may raise the platinum to bright redness, so as to cause 
the remainder of the mixture to explode. The promptness of this 
action is greatly augmented by reducing the platinum to a state of fine 
division. A pellet of “ spongy platinum,” for instance, plunged into 
a mixture of oxygen and hydrogen, causes the gases to explode in- 
stiintly. In virtue of its extreme porosity, a similar power is possessed 
by charcoal. It is not strong enough to cause the oxygen and hydro- 
gen to combine like the spongy platinum, but it so squeezes the more 
condensable vapours, and also acts with such condensing power upon 
the oxygen of the air, as to bring both within the combining distance, 
thus enabling the oxygen to attack and destroy the vapours in the pores 
of the charcoal. In this way, effluvia of all kinds may bo virtually 
burnt up ; and this is the principle of the excellent charcoal respi- 
rators invente<l by Dr. Stonhouse. Armed with one of these, you may 


* Tlie nose, with its liairs and iiiucus, acts, tliough imperfectly, the part of the 
moistened cotton wool respirator. 
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go into tLo foulest-smelling places without having your nose offended. 
Some of you will remember Dr. Stenhouse lecturing in this room with 
a suspicious-looking vessel in front of the table. That vessel contained 
a decomposing cat. It was covered with a layer of charcoal, and 
nobody knew until told of it what the vessel contained.* 

I may be permitted in passing to give my testimony as to the 
efBcacy of these charcoal respirators in providing warm air for tho 
lungs. Not only is the sensible heat of the breath in part absorbed 
by tho charcoal, but tho considerable amount of latent heat which 
accompanies the aqueous vapour from tho lungs is rendered free by tho 
condensation of the vapour in the pores of the charcoal. Each particle 
of charcoal is thus converted into an incipient ember, and warms the 
air as it passes inwartls. This is in entire accordance with tho thermo- 
metric observations of Dr. Marcot. 

But while powerful to arrest vapours, the charcoal respirator is 
ineffectual as regards smoke. Tho particles get freely through tho 
respirator. In a series of tlicm tested downstairs, from half a minute 
to a minute was tho limit of endurance. This might be exceeded by 
Faraday’s method of emptying the lungs eoinidett'ly, and tliou tilling 
them before going into a smoky atinosplicre. In fact, eaeli solid smoke 
particle is itself a bit of charcoal, and carries on it, and in it, its little 
load of irritating vapour. It is this, far more than tho particles of 
carbon themselves, that produces the irritation. Hence two causes of 
offence are to bo removed : tho carbon particles which convey the irri- 
tant by adhesion and condensation, and the free va])our which accom- 
panies tho particles. The moistened cotton-wool I knew would an-ost 
the first, fragments of cliarcoal I hoped would stop the second. In the 
first fireman’s respirator, Mr. Garrick’s arrangement of twrr valves, 
the one for inhalation, the other for exhalation, are preserved. But 
the portion of it which holds the filtering and absorbent substances is 
prolonged to a depth of four or five inches (see Fig. 2). On the parti- 
tion of wire gauze qr at the bottom of the space which fronts the 
moutli is placed a layer of cotton- wool, C, moistened with glycerine ; 
then a thin layer of dry wool, C' ; then a layer of charcoal fragments ; a 
second thin layer of diy cotton-wool, succeeded by a layer of fragments 
of caustic lime. The succession of the layers may be cliangcd without 
prejudice to the action. A wire-gauze cover, shown in plan below Fig. 2, 
keeps tho substances from falling out of the res])irator. In the densest 
smoke that we have hitherto employed, tho layer of lime lias not been 
found necessary, nor is it shown in the figure ; in a flaming building, 
indeed, the mixture of air with tho smoko never permits tlie carbonic 
acid to become so dense as to bo irrespirable ; but in a place whcr0 tho 
gas is present in undue quantity, tho fragments of lime would materially 
mitigate its action. 



* Dr. Stenhouse lias recently shown me a respirator, invented hy liim many 
years ago, in which, by means of a single valve, the inhaled air jiassefl through 
oliarcoal to the lungs, while that exhaled eBca])cs, ^^ithout passing through tho 
charcoal, into the open air. 
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In a small cellar-like chamber downstairs, with a stone flooring and 
stone walls, the first experiments were made. Wo placed there furnaces 
containing resinous pine-wood, lighted the wood, and placing over it a 
lid which prevented too brisk a circulation of the air, generated dense 
volumes of smoko. With our eyes protected by suitable glasses, my 
assistant and I have remained in this room for half an hour and more, 
when the smoko was so dense and pungent that a single inhalation 
through the undefended mouth would be pci-fectly unendurable : and 
wo might have prolonged our stay for hours. Having thus far perfected 
the instrument, I wrote to Captain Shaw, the chief officer of the Metro- 
politan Fire Brigade, asking him wliether such a respirator would be 
of use to him. His reply was prompt ; it would bo most valuable. He 
had, however, made himself acquainted witli every contrivance of the 
kind in this and other countries, and had found none of them of any 
practical use. Ho oftei'cd to come and test it here, or to place a room 
at my disposal in the City. At my request lie came here, accompanied 
by throe of his men. Our small room was filled with smoke to their 
entire satisfaction. The tlirce men went siicc(“ssively into it, and 
remained there as long as Captain Shaw wished tliem. On coming out 
they said that th^'v had not suffered the slightest inconvenience ; that 
they could have remained all day in the smoke. Captain Shaw then 
tested the instrument with the same result. From that hour the 
greatest interest has been taken in the perfecting of the instrument 
by Captain Shaw himself. He has attached to the respirator suitable 
hoods. The real problem is practically solved, and I can only say that 
if a tithe of the zeal, intelligence, and practical skill w(;ro bestowed on 
the cotton-wool respirator that Captain Shaw has devoted to the fire- 
man’s respirator the sufferings of many a precious life might be spared 
and its length augmented.^ 

The discourse was concluded as follows : — “ Thus have wo been led 
from the actinic decomposition of vapours through the tails of comets 
and the blue of tho sky to the dust of London, from the germ theory 
of disease down to this fireman’s respirator. Instead of this trivial 
example, I could, if time pennitted, point to others of a more con- 
siderable kind in illustration of the tendency of pure science to lead to 
practical applications. Indeed those very wanderings of tho scientific 
intellect which at first sight appear utterly unpractical, become in the 
end tho wellsprings of practice. Yet I believe there is a xihilosophy 
embraced by some of our more ardent thinkers (who I fear on many 
points commit the well-intentioned, but fatal mistake of putting their 
own hojieful fancies in the placo of fact) that would abolish these 
wanderings of tho intellect and fix it from tlie outset on practical ends 
alone. I do not think that that philosophy will over make itself good 
in tho world, or that any freedom-loving student of nature could or 
• would tolerate its chains.” 

* Mr. Ladd line also pro|>oscd a form of mouth-pieco wluoh promibcs well, nii<l 
Mr. Cottrell has attached to it an ordinary fencing-mabk. This will piobably bo 
the form of apparatus finolly adopted. 
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A short time before the discourse I had an opportunity of inspect- 
ing the apparatus of Mr. Sinclair, which has been tested and highly 
spoken of by the superintendent of the Manchester Fire Brigade. The 
original idea is duo to Von Humboldt, who proposed it for the Hartz 
mines. Galibort constructed the apparatus in an improved form, and 
it has been still further improved by Mr. Sinclair, who has purchased 
Gralibert's patent. It consists of an air-tight bag, from which issue two 
tubes that unite on a single one with a respirator mouth-piece. The 
bag is filled with air, and the wearer inspires through one valve and 
empires through another. The expired breath is carried to the bottom 
of the bag, and is statctl to remain there in consequence of the chilling 
experienced in its passage do^svn wards. A bag of not inordinate size is 
said t(^ bo sufiicient to feui)ply a man with air for twenty minutes. Mr. 
Sinclair’s apparatus was exhibited during the discourbo. 

IJ. T.) 
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Friday, January 19, 1872. 

Sir Henry Holland, Bart. M.D. D.C.L. F.K.S. President, 
in the Chair. 

William Odling, Esq. M.B. F.E.S. 

FULLKKIAN PROFESSOR OF CUFJjfSTRT, R.I. 

On the last new Metal, Indium. 

The word “element” is used by chemists in a i»cculiar and very 
limited sense. In calling certain bodies elenu'iiis, tlu‘i*e is no inten- 
tion on the part of chemists to assert the iindeeomposable mitiiro or 
essence of the bodies so called. There is not even an intention on 
their part to assert that Ihese bodies may not siiffiT deconq)()sition in 
certain of the j)roc(‘sses to which they are occasionally suhjeetc'd ; but 
only to assert that they have not hith(‘rto been proved to sutler decom- 
position; or, in other words, to assert that tlunr obs(‘rved b(‘haviour 
under all the different modes of treatment to whicli they have been 
exposed, is consistent with the hypothesis of their not having under- 
gone decomposition. 

The entire matter of the earth then, so far as chemif4e arc yet 
acquainted with it, is composed of some sixty-three different sorts of 
matter that are spoken of as elementary; not because they are conceived 
to bo in their essence primitive or elementary, but beeause, neith(‘r in 
the course of nature nor in the processes of art, have they bt^en 
observed to sutler decomposition. No ono of them has ever been 
observed to suffer the loss of any substance different from tlic sub- 
stance of its entirety, so as to leave a residuary substance different 
from the substance of its entirety. Thus chemists are incapable of 
taking away from iron, for exanij)lo, a something that is not iron ; or 
of taking away from it anything whatever, so as to leave a residue 
that is not iron ; whereas they are capable of taking away from iron- 
pyrites a something which is not iron-pyrites but is sulphur, so as to 
leave a residue which is not iron-pyrites but is metallic iron. 

The notion of all other material bodies being constituted of, and 
decomposable into a limited number of elementary bodies, whiedt could 
not themselves be proved to suffer decomposition or mutual trans- 
formation under atiy circumstances whatever, but could, on the con- 
trary, be traced respectively through entire series of combinfitions, 
and be extracted at will from each member of the series, is a notion 
which, undergoing in course of time a gradual developmont, was first 
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put forward in a definite form by Lavoisier ; until whoso time, some 
residue of the f];roat iilcht‘mioal doctrine of the essential transmuta- 
biJity of all things — that tlie substance of all things was the same, 
while the form above was diflerent — still j)revailed. To Lavoisier is 
due tile enunciation of the principle departed from, however, in a 
few instances by himself, — that all bodies which cannot bo proved to 
bo compounded, aro in practical effect, if iKjt in absolute fact, ele- 
mentary, and are to be dealt witli accoidingly. 

Of the many definite substances known to chemists before tlie 
discovery of li^drog('n gas, the following were afterwards recognized 
by Lavoisier and his colleagues as elementary. First, the seven 
metals known to the ancients, namely, gold, silvcT, mercury, copper, 
iron, t'li, and lead, distinguished respectively by tin* signs of the sun, 
moon, and jilaiiets ; and eatdi conceived to have some mystic connection 
with the particular orb or planet of which it bore the sign, and not 
unfrt‘(pie7itly the name. TIkui three metals wdiich lurame known at 
the latter end of the fifteenth or beginning of the sixteenth century, 
namely, antimony, discov( nd by Basil Valentine in 14‘.)0 ; bismuth, 
meuti(»ned by s • ^ ola, 1530; and zinc, miuitioned by Paracelsus, 
ob. 1541. An elementary character w^as also assigned to the non- 
metals carbon and sulphur, wdiich had been knowui from the earliest 
times ; to phosphorus, discovt'n'd by Brandt, of Hamburg, in 1609 ; 
and to boraeic acid, now known to be a hydrated oxide of bm*on, first 
discovered by Homlx'rg in 1702, and still occasionally spoken of as 
Ilomberg's sedative salt. The list w'as further swelled by four metals 
which, in Lavoisier's time, had been but rece ntly diseoviTcd, namely, 
cobalt and arst nic, identified simultan(‘ously in 1733 by George 
Brandt, of Stocklndm ; platinum, discovered in 17 41 by Woods, 
assay-master at Jamaica ; and nickel, discovered in 1751 by Cronstedt. 

The only other bodies known before 1766, and afterwards included 
in the class of eleiin'iits, naimdy, the alkalies and earths, hael during 
the (]uart<‘r of a century immediately preceding been made the 
subj(‘cfs of (‘Special study. Tlie ditferentiation of potadi from soda, 
both previously knowui by the common name of alkali, was indicated 
by Diihamel in 1736, and more completely established by Marggraf 
ill 1758. The differentiation from one anotlu'r of lime or calcareous 
earth, silex or vitrefiable earth, alumina or argillaceous earth, and 
magnesia or bitter earth, was accomplished by the labour of many 
chemists, more particularly IMarggraf, B(rgmann, and Schcele; prior 
to whose researches silex, alumina, and magnesia, together wdtli their 
different combinatifins and commixtures wdth each other and with lime, 
were held to bo but impure varieties of lime. The nature of the 
difference between the caustic alkalies and earths and their respective 
carbonates, was made known by Black in 1756 ; while the real consti- 
tution of the alkalies and earths, as metallic oxidm, though suspected 
by Lavoisier, was not established until the beginning of the present 
century, by Davy and his coteniiioraries and followers. 
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Table I, — Elements, icc., in Oiideii of Discovkuy. 
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Oxygen 

1 Prie^tby. 
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1 iU*ic!i nnd Kn-iiter. 


The successive recognition of the elementary gases, quickly follow- 
ing Black’s remarkable discovery of carbonic acid gas, began with tlio 
identification of hydrogen by Cavendish in 1766. This was siiccecdc‘d 
by the discovery of nitrogen by Rutlierford in 1772 ; of clilorine and 
fluoric acid, the latter now held to be a fluoride of hydrogen, by 
Schcele in 1774; and of oxygen by Priestley in the same year. 

Thus prior to the discovery of the first of the elementary gases, 
twenty-three kinds of solid matter, and ono liquid body, mercury, 
were known, which afterwards became recognized as elements. 
Between then and the present time, thirty-three kinds of solid matter, 
and one liquid body, bromine, have been added to the list — the 
discovery of the earliest of them occurring almost simultaner)usly 
with, or even just preceding, that of the last discovered of the 
elementary gases. 

Among the number of bodies discovered prior to 1808, when 
Davy effected the decomposition of the alkalies, several, at first 
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thought* to bo elementary, arc now known to bo compoiindfi of oxygen 
with other bodies still regarded as elements ; and conversely, two 
bodies, namely, chlorine and fluorine, at one time thought to bo 
oxides, have since become regJirdcd as elementary ; but in none 
of these cases did the discovery of Avhat is now considered to be 
the real constitution of the bodies add or subtract an element to or 
from tlie list. 

From the period of the motlern or Lavoiscrian conception of 
elements and compounds down to the beginning of tlie nineteenth 
century, the recognition of now elements occurred \sith much fr(*- 
quency, at short but varied intervals. After tlnm, the. discoveries 
became somewhat less frequent; but even witliin tlie last fifty years 
no f(‘wer than twelve now oh‘mcnta have been added to the list, being 
at the rate of oiu' new element every four years. Throughout, llie 
periods of discovery liavc b<‘en somewhat irregular in thc'ir occurrence. 
Thus in the years 1802 aiid iHOd, six new elements were discovered, 
nani('ly, tantalum, c(*riuni, palladium, rhodium, iridium, and osmium ; 
within the succeeding fourt(‘en years only one m‘w ch^ment, but that 
a very important on(‘, uamoly, iodine; and in the fifteenth and six- 
te(‘ntli years, Ihuv. iv'W elements, namely, lithium, sidenium, and 
cadmium. Tlie longest barnui interval, one of thirteen year's’ dura- 
t on, took ])lacc In'tween the discovery of niobium, by Rose, in 1810, 
and tliat of caesium and rubidium, by Bunsen, in IHofl. The last 
discovered (fl‘ the elonu'nts, namely indium, being fully seven years 
old, and tln'ro being no reason to consider our present list as anything 
like coniph te, or to apprehtmd any c(‘ssation of additions thereto, it ;s 
now quite time for some other new element to bo made known. For 
wo may r(*asi>nably anticipah' the discovery of new elements, to take 
place at ii regular intervals possibly for centuries to come, and our list 
of the elements to be increased at h ast as much in the future as in the 
past. 

The fresh discovery, however, of any abundant elementary con- 
stituent of the earth’s crust would seem scarcely now to be expected, 
seeing that of the tliirty-two elements which have become known 
since the year 1771,— the year of the discovery of chlorine and 
oxyg('n and manganese and baryta, the great majority belong to the 
class of chemical curiosities ; wliile even the four or five most abundant 
of the since discovered elements arc found to enjoy but a sparing 
although wide distribution in nature, as is the ease, for example, w ith 
bromino and iodine ; or else to be concentrated but iii a few specially 
localized minerals, as is the case, for example, with strontium aud 
cliroinium, and tungsten. Of course it is difficult to appraise the 
relative abundance in nature of ditferent elements; more especially 
from the circumstance of those which are put to commercial uses 
being everywhere sought for, and those not )nit to commercial 
uses being habitually u(*glected,— save indeed by the man of science, 
to whom the i)cculiur properties i f some of the less familiarly known 
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elements, as palladium, osmium, erbium, didymium, uranium, and 
thallium, render them objects of the highest interest. 

A very notable point with regard to the last-discovered four ele- 
ments, namely, rubidium, caesium, thallium, and indium, is their 
successive discovery within a few years of each other, by one and the 
same process, namely, that of spectrum analysis. This process, in- 
vented and made available as a means of chemical rest^arch by Jlunsen 
and Kircholl’ in 1859, consists simply in allowing tlic light given off 
by different ignited gases and vaj)ours, limited by nu'ans of a lino 
slit, to pass Oii’ough a prism or succession of j)risms ; and in observing 
the so-produced, brightly-coloured, Avidely-extended image of the slit. 
It has been known from the days of New^toii, that by tlic jKissago of 
lieterogeiicous light through a prismatic highly-dispersiv(' nuMliuin, its 
differently refrangibhi constituents l)ccoiii<‘ widely separah d from eaclx 
other, so as to furnish an elongated coloured spectrum. Ihit wlnucas 
the spectra of iucaudescent solid and liquid Inulies are continuous, 
and not distinctive of the particular Ininiiious bodies yielding tlnuu, 
the spectra of incandescent gaseous or vaporized bodies arc found to 
bo diseontinuous, and to consist of one or more bright lim s of diffci cnt 
colour, tliickucss, and position, according to tlu' nature of the par- 
ticular iiicandtscciit gases or vapours from which the light tlirough 
the slit is proceeding. In this w’ay it is found lluit the spxrtra of the 
diti(T<‘iit eheiniciil eh imuits, alike wlum free ami in ciuubimitlon, are 
perfectly delinih', and (‘liaraetcristic of the ]>arti(’iilar eh nienls vapor- 
ized and made incandescent.* And in many casts, the s])(‘ctra or 
portions of tlie sp(‘ctra of particular tdeineiits, evtux wlu n prtstnt in 
the most minute proportion, are so extremely wtdl inarkT^d and dis- 
tinctive, tlxat the presence or absence of tlieso cl(‘ments is detcniiinahlo 
wdth tjxo greatest eas<5 and certainty, by a mere insj)ection of the 
cniissioij spectra yieldx d by the incandescent gast's or vaptuirs under 
examination. ]\roreovcr, gases and vapours am further (‘a[)able of 
affecting luderogeneous light whiclx is ]ui''S(‘d through tlu in ; and 
of thus yielding absorption spectra, in whixdi the charact(‘ristic lin(*s of 
tlio above-described emission spectra are revcTsed, so as to appear, 
unaltered in position, as black lines or intervals in an otherwise 
continuous band of colour. 

Xow tbc salts of the alkali-metals, lithium, sodium, and potassium, 
and certain of the salts of the alkaliiie-eartli nietals, caleiuiix, strontium, 
and barium, being very readily volatih*, upon beating tbeee salts, 
in the non-luminous flame t)f a Bunsen gas-burner f«jr extiiiiple, they 
undergo vaporization, and their vapours become iixcaixdesc^jnt and 
capable of yielding the characteristic (^mission spectra of the 
ticular metals. In examining iii this way the alkali-salt reswliie of a 

* For &0X11C qualilicatioMs of this bta(cincnt, vide Roaooe’a ‘ Spectrum AiialyfeiH.* 
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mineral water from Durkheim, Bunsen observed in the spectrum 
before him certain coloured lines not belonging to any one of the 
then known alkalies, potash, soda, or lithia ; and yet necessarily be- 
longing to some substance liaving the general characters of an alkali, 
since all other bodies than alkalies had been previously removed from 
the residue under examination. In full reliance upon the certainty 
of this conclusion, Bunsen evaporated some forty tons of the water 
in question; and from the alkali-salt residue, succeeded in extracting 
and so2)iirating salts of two new alkali-metals, each characterized 
by a well-marked i)air of lines in the blue or indigo, and one of 
them having in addition a i)air of well-marked lines of extremely 
small refrangibility in the red of the s])e(itruin. From its yielding 
thr.se red lines, the one metal was named rubidium ; the other, of 
which the bright blue lines were especially characteristic, being called 
cscsiiim. 

Tli(i very gtuieral distribution in nature of tlicsc two elements was 
speedily estaljJished, and salts of eacli of them \V(ire, with much 
labour, eventually prepartal in a slate of pui‘ity and in reasonable 
quantity. From certain of tlieir respective salts the metals them- 
st‘lv('s were obhuu* by the usual })rocesst‘S, and togetluT with their 
salts, were sulunitted to <h'tailed chemical examination. And no sooner 
was this examination inadi', tluui the ])Osition of the newly-discovered 
elements, as nnunbers of the alkali-metal family, at once became 
apparent. Kubidinm and cieslum were found in all their properties 
to j)resent tlje most striking analogy to ^^^dassium, and evidently to 
stand to this metal in tlie same ndation that strontium and barium 
res])eetivtdy stand to ealeium ; A\hile they dilf(Ted from sodium, 
nuieli as strontium and barium i‘('spcctiv<‘ly ditfer from magnesium. 
This relationship in obvious pr(»perties was further borne out by the 
relatiojiship of their ub niie weights, thus : — 
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32 
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80 . . , 

. . ) Se 

70 

JU 

i:j7 .. 

.. (Ca 

i;]3 1 

[1 

127 .. , 

.. (iv 

1J9 


Tt is observable that the sequence of atomic weight in the thus com- 
pleted alkali-metal family, is strietly parallel to tlic j)reviously w’ell- 
know'ii s« (pieiuH's in the alkali-earth metal family, and in the halogen 
and oxygen families respectively. Moreover, as the basylity of 
the alkaliiio-eartli imdals increases in the order of their several atomic 
weights - ealeiiun being loss basylous than strontium, and far less 
basylons than barium- so also is tlu' basylity of potassium inferior to 
tliat of rubidium, and the basylity of rubidium inferior to that of 
cn38ium, which is indeed the most powerfully banvlous, or oxidizable, 
or electro-positive clement know^n. 

Since 1860, both rubidium and caesium have been recognized as 
iniiiuto cuiistiiiiciits of a considerable number of minerals and mineral 
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waters, rubidium having been met with for the most part in a larger 
proportion by weight than caesium. Unlike potash, originally known 
as vegetable alkali, caesium has not been recognized in the vege- 
table kingdom; but rubidium has been found as a very common 
minute constituent of vegetable ashes, as those of beetroot, oak-wood, 
tobacco, grapes, coffee, tea, &c. On the other hand, caesium, free 
from rubidium, has been found in a tolerably well-known, though 
rare, mineral from the Island of Elba, to the extent of 32 per cent, by 
weight of the mineral. The history of this mineral is curious : from 
the circumstance of its always occurring in association with another 
mineral, a variety of petalito, the two were called Castor and Pollux. 
Castor was found to bo substantially a silicate of alumina and litliia ; 
pollux a silicate of alumina, and, as it was thought, of potash. The 
constituents of pollux, namely, silica, alumina, and potash, with small 
proportions of ferric oxide, lime, soda, and water were duly estimated ; 
but the quantities of these constituents, found in 100 parts of the 
mineral, instead of amounting to 100 parts or thereabouts, amounted 
only to 88 parts, there being somehow a loss of 12 per cent, in the 
analysis. After Bunsen’s discovery of the now alkali-metals, pollux 
was analyzed afresh by Pisani, who soon perceived that what had 
formerly been taken for potash, and estimated as potash, was not 
potash at all, but caesia. Then calculating out his own analysis with 
ciesia instead of potash, substituting the one for the otlier in the 
proi>ortion of 133 -j- 8, or 141 parts of cajsia, for 39 -j- 8, or 47 parts 
of potash, he found that the quantities of the different constituents 
furnished by 100 parts of the mineral yielded by their addition the 
full sum of 100 parts required. 

In submitting to spectroscopic examination a certain residue left 
by the distillation of some impure selenium, Mr. Crookes, early in 
1861, recognized in the spectrum before him a brilliant green line, 
from which he inferred the presence in the above residue of a new 
element ; and by the end of the same year, he had succeeded in 
establishing the tolerably wide distribution of this element, to which 
ho gave the name of thallium ; ip procuring it, tliough but in small 
quantity, in a sej)arato state ; and in satisfying himself of its metallic 
character. Soon afterwards, and without knowledge of Mr. Crookes’ 
later results, the metal was obtained by M. Lamy on a comparatively 
large scale, and was exhibited by him in the form of small ingots at 
the London Exhibition of 1862. lie procured it from tbo fine dust 
met with in some oil of vitriol factories, as a deposit in the Hues 
leading from the pyrites burners to the leaden chambers. In these 
deposits, the minute proportion of thallium contained originally in the 
pyrites l)ecomes concentrated, so as to form in some instances as 
much as 8 per cent, by weight of the dust. Independently, moreover, 
of its occurrence in iron pyrites, thallium, though never fOriuing 
more than a minute constituent of the different minerals and mineral 
wat€i*8 in which it occurs, is now known to be capable of extiuc- 
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tion from a great number and variety of sources. But from no other 
source is it so advantageously procurable as from the above-men- 
tioned flue deposit ; and so early as the autumn of 1863, at the meet- 
ing of the British Association in Newcastle, the then mayor, Mr. J. 
Lowthian Bell, exhibited several pounds, and Mr. Crookes no less 
than a quarter of a hundredweight of thallium obtained from this 
comparatively prolific source. In one respect, the discovery of 
thallium presented even a greater degree of interest than attached to 
the discovery of emsium and rubidium. For whereas these two 
elements were at once recognized as analogues of the well-known 
metal potassium, thallium can hardly be said, even at the present 
time, to be definitely and generally recognized by chemists as the 
analogue of any jiarticular metal, or as a member of any particular 
family of elennnts. With each of such differently characterized 
elements as potassium, lead, aluminum, silver, and gold, it is associated 
by certain marked points of resemblance ; while from each of them it 
is distinguished by equally well-marked points of different. Hence 
the necessity for subjecting thallium and its salts to a thorough 
chemical examination, so as to accumulate a well-ascertained store of 
facts with regard to it. And thanks to the careful labours of many 
chemists, more particularly of Mr. Crookes in London, and of Messrs. 
Lamy and Willm in Paris, our knowledge of the properties of 
thallium and of its salts may compare not unfavourably with our 
similar knowledge in relation to even the longest known of the 
metallic elements. Still it was not until our knowledge of indium 
had culminated in the determination of its specific heat only last year, 
that the position of thallium as an analogue of indium, and a member 
of the aluminum family of elements became unmistakably evident. 

Indium was first recognized in 1863, by Drs. Beich and Richter, 
in the zinc blende of Freiberg in Saxony, and by reason of the very 
characteristic spectrum afforded, — consisting of tw'^o bright blue or 
indigo bands ; the luightest of them somewhat more refrangible than 
the blue lino of strontinm, and the other of them somewhat less 
refrangible than the indigo line of potassium. Since its first discovery, 
indium has been recognized in one or two varieties of wolfram, and 
as a not unfrequent constituent of zinc ores, and of the metal obtained 
therefrom, but alw’ays in a very minute proportion. Indeed, indium 
would appear to be an exceedingly rare element, far more rare than 
its immediate predecessors in period of discovery. Its chief source 
is metallic zinc, — that of Freiberg, smelted from the ore in which in- 
dium was first discovered, containing very nearly one-half part of 
indium per 1000 parts of zinc. A considerable quantity of indium 
extracted from this zinc, was shown in the Paris Exhibition of 1867 ; 
and an ingot from the Freiberg Museum, weighing 200 grammes, or 
over 7 ounces, has within the last few days liec’* kindly forw'arded by 
Dr. Richter liimself, for inspection on the present occasion. To 
Dr. Pchuehardt, of Goerlitz, also, the mcmb(TS t>f the Institution ore 
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indebted for his loan of nearly 60 grammes of metallic indium ; and 
of fine specimens of other rare chemical products, prepared with his 
well-known skill, in a state of great purity mid beauty. 

When zinc containing indium is dissolved not quite coniidc'toly in 
dilute sulphuric or muriatic at*id, the whole of the indium originally 
present in the zinc is left in the black spongy or flocculent residue of 
undissolved metal, with which everyone who has prepared hydrogtni 
gas by means of zinc and acid is so well a(‘qiiaint(‘d. B(‘si(l(‘s some 
zinc, this black residue is found to contain ](‘ad, cadiiiiuin, iron, and 
arsenic, less frequently cojipcr and thallinm, and in some cases, as 
that of the Freiberg zinc, a small proportion of indium. From the 
solution of this residue in nitric acid, the indium is Ke])ai‘atcd by 
ordinary analytical proccssi's, based chiedy on the pn'cipitability of 
its sulphide by sulphuretted liydrogen from solutions aciduhit(‘d only 
with acetic acid ; and on tlio 2 >rccipit.ibility of its hydrate botli by 
ammonia and carbonate of barium. From its solubh) salts, metallic 
indium is readily thrown down in the sjamgy state by mc'ans of zinc. 
The washed spongti of metal is then pressed logcdle r betwecni tiltei ing 
jmper, by aid of a screw 2 >ress, and finally melted under a flux of 
cyanide of potiissium. 

Thus obtained, indium is a metal of an almost silve^-^^hite colour, 
aj)t to become faintly bismuth-tinted. It tarnishes slo\\ly on (‘\])osnre 
to air, and thereby acquires very much the appearance of ordinary 
lead. Like lead, it is comjiact and seemingly d(‘Void of crystalline 
structure. Moreover, like lead and thallium, it is (*\ceedingly soft, 
and readily caimble of furnishing wire, by tin' ju’oeess f)f sqnirtiiig ” 
or forcing. The specific gravity of indium, or 7‘ I, is v('ry close to 
that of tin, or 7*2; and much above that of aluminum, • 6, and 
below that of lead, 11 • 1, and that of thallium, 11 • 9. In tin; lowness of 
its melting point, namely, 176 C., indium occupies an (‘\tr(‘mo position 
among the metals permanent in air; the next most fusibh' of thi'sc 
metals, namely tin and cadmium, melting at 228 ; bismuth at 261'; 
thallium at 294' ; and lead at 2115 . Though so n adily fusibh', indium 
is not an (‘Rj)ecially volatile metal. It is ajqn-ei'iubly h'ss volatile than 
the zinc in which it occurs, and far less volatile than cadmium. 
Heated as far as practicable in a glass tube, it is inca 2 )able of Ix'ing 
raised to a temjicrature suflicieiifly h'gh to allow of its bc'ing va 2 )orized, 
even in a current of hydrogc'ii. 

Indium resists oxidation up to a tempiTaturc somewhat beyond its 
melting point, but at much higher tenqx'rature it oxidizes frec'ly ; and at 
a red heat, it takes fire, in the air, burning with a characteristic blue flame, 
and abundant brownish smoke. It is readily attacked by nitric a(‘id, 
and by strong sulphuric and muriatic acids. In diluted sul[)huric and 
muriatic acids, however, it dissolves but slowly, with t'volution of hydro- 
gen. Oxide of indiriba is a pale yellow powder, becoming darkc'r v»h(‘n 
heated, and dissolving in acids with evolution of heat. The hydrate d 
oxide is thrown down from indium solutions by ammonia, as a white, 
gelatinous, alumina like precipitate, drying up intf) a horny mass. Tlic 
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sulphide is thrown down by sulphuretted hydrogen as an orange-yellow 
precipitate, insoluble in acetic but soluble in mineral acids. The 
hydrate and sulphidt* of indium, in their relations to fixed alkali solutions 
nnu’e i)articularly,Keem to manifest a feebly-marked acidulous character. 
Chloride of indium, obtained by combustion of the nu'tal in chlorine 
gas, occurs as a white micaceous sublimate ; and is volatile at a red heat, 
without previous fusion. The chloride itsedf uiidergf)cs decomposi- 
tion when heated in free air, and the solution of tli(‘ chloride upon 
brisk eva])oration, with formation in both cases of an oxichloride. 

Ihit the chief point of chemical interest with regard to any newly- 
discov('red ehunent, and consequently with regard to indium, is the 
establishment of its atf)mie wvight; which, in the case of a metallic 
eleiiKMit, is based primarily upon the de termination of the ratio in 
which it combines with oxygen and chlorine. Now the quantity of 
indium which unites with 8 parts by weight of oxygen and wdth 
35-5 ])arts by wTight of chlorine, has been found by Winkler to be 
d7*!), and by Bunsen to bo 37 *8 parts. But this deti'rmi nation of 
combining ratio falls far short of the definite estiiblishment of the 
atomic w^eight of the metal. For example, the quantities of silver, 
mercury 1»'^ juth, tin and tantalum, which exist in the hest-know'n 
chlorides of these metals combined wdth 35*5 parts of chlorine, are 
108, lot), 70, 29, and 37 parts resp(‘ctively. Nevertheless, the atomic 
weights of these nndals are taken to be not 108, 100, 70, 29, aiid 37, 
hnt 108, 200, 210, 118, and 181 respectively, the chlorid(‘S of the 
several imdals being exprc'ssc d by the formulm AgOli, Ilg 01,, Bi Cls, 
Sn CI 4 , and Ta01„ R'spcetivel}’*. Aeer>rdinglv, in order to deduce the 
atiunic weight of indium from the asoertaim'd composition of its 
chloride, we require first to know” whetlier its chloride is a mono-, di-, 
tri-, tetra-, or penta-chloride. Now*, in tlie case of a metal forming 
only one dclinitt* ehloridi', the constitution of the cldoride as a mono- 
or j)oly-ehloride, may freqmuitly he determinated by a consideration of 
the analogies iu’esent('d by tlic metal and its compounds to some other 
metal and its eom])ounds, of which the atoiuie weight and molecular 
formuhe respcetiv(‘ly are well established. But it is i>l>vious that 
analogy can afford hut litth* helj) in the ease of a m'wly-discovercd 
clement, of wliicli the analogies have still ti> he determined. 

Failing analogy, a more sure guide tv> the (‘stahlishment of the 
molecular formula of a UK'tallic chloride is afforded in some instances 
by a determination of its vapour density, - tantamount to a determina- 
tion of the quantity of chlorine hv weight, contained in a given 
volume of tin' gas or vapour of the ehloridt' experimented on. Thus, 
having estimated tlic quantity of chlorine contained in a given volume 
of heati'd muriatic acid gas, the quantities of chlorine contained in 
the same volume of the vaporized chlorides of mercury, bismuth, tin, 
and tantalum, under the same eircumstances of pressure and tempera- 
ture, are found to ho 2, 3, 1, and 5 times as great, whence the formuhe 
HC1„ ITgFL, BiCla, Sn CI 4 , and TaClj, respectively. Now indium 
chloride being volatile at a red heat, there is no reason, save that re- 
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suiting from the rarity and value of the body, why the density of 
its vapour should not bo ascertained. As a matter of fact, however, 
no estimation of the vapour density of indium clilorido has yet been 
made, and any evidence that might bo dcducible from it, is Conse- 
quently not forthcoming. 

Lastly, a most important guide to the establishment of the atomic 
weight of a metal is the determination of its speeific heat. In cool- 
ing through the same fall of temperature, different bodies, as is well 
known, give out exceedingly different quantities of heat. In the case 
of a pound of bismuth and a pound of brass for instance, both raised 
to the temperature of boiling watcjr, and then immersed in an excess 
of ice, the quantity of ice melted by the pound of brass in cooling 
down to the freezing point, will be found to be more than three times 
as great as the quantity of ice melted by the pound of bismuth. Now 
the determination of the specific heats of most of the metals, comj):irc'd 
with the specific heat of an equal weight of water as uiuty, has been 
made with extreme care and exactitude by Rcgnault ; and on looking 
at the following list of specific heats, mostly of his determination, 
it is evident, almost at a glance, that the specific heats of the metallic 
elements are inversely as their respective atomic weights. Thus, 
taking the first and last elements on the list for extimplc, it is observ- 
able that the specific heat of lithium, or 0*94, is weight for weight 
thirty times greater than the specific heat of bismuth, 0*03 ; but then 
the atomic weight of bismuth is thirty times greater than that of 
lithium. And throughout, the product of the specific heat into the 
atomic weight of one metal, divided by the product of the specific heat 
into the atomic weight of another metal, is approximatively I'qual to 1, 
as shown in the fourth column of the following Table, in wiiich tho 
l>roduct of tho specific heat into tho atomic weight of silver is taken as 
the standard dividend. J^^ow, only last year, concoidant estimations 
of the specific heat of indium were made by Bunsen and a Russian 
chemist, MondclejefT; the moan of Bunsen’s two (‘stimatioiis being 
0*05G9, which it will bo observed is very close to Begnault’s esti- 
mations of the specific heats of silver, cadmium, and tin. Accordingly, 
tho atomic weight of indium must approximate to the atomic weights 
of silver, cadmium, and tin ; or, in other words, it win not bo 37 8.y: 1, 
or 37 * 8 X 2, but must be 37 • 8 x = 113 • 5 ; and the quantity of chlo- 
rine combined with this weight of indium being three times 35 ‘5 
parts, indium chloride will necessarily appear as a trichlorid(‘, and bo 
expressed by the fonnula In CI3. The determination of sj^ecific heats 
being a matter of direct experiment, with scarcely any ratiwination 
whatever, it seems iinpcissibic for anyone to observe the relationship 
subsisting between tho accepted atomic weights of tho metals, dedii(*cd 
from experiment by a highly complex train of reasoning, and their 
directly ascertained (ifjiccific heats, without recognizing that in tho ease 
of the metals, at any rate, the atomic weiglits of the cliemist arc some- 
thing more than vain imaginings, but that they arc beyond question 
the torse expression of a fnndamcmtal truth in nature. 
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Table II. — Atomic Heath of Metals 


Clilorules. 

Atomic 

WcikIus. 

M< tals 

S]i cittc 
Heats 

Atcraic 

Li Cl 

7 

Lithium 

•9408 

1’07 

Na Cl 

2:1 

Sodium 

•29.74 ' 

109 

MkCI, 

21 

Magnesium . . . 1 

•2499 

0-97 

A1 Cl, 

27 n 

Aluminum ..I 

■2143 

0-95 

K Cl 

39 

Potassium 

•1095 

1-07 

Ca CI2 

40 

C’lileium 

• 1080 

109 

Mil (% 

55 

IManganese . . 

•1217 I 

108 

FcCI„ FcC'l, . 

50 

Iron 

•1138 

103 

Ni Cl, 

59 

Niekel 1 

•1075 

1-03 

Co Cl, 

59 

Col.alt ' 

•1007 

102 

CuCl, CuCl, 

03-5 

1 

(Helper 

•0955 

0-98 

Zn Cl, 

05 

Zinc 

•0955 1 

101 

As CI3 

75 

Arsenic 

•0814 1 

0'99 

Mo CI4 

90 

Molybdenum 

•0722 1 

112 

KuCl,, KuCl^ .. 

104 

Ruthenium . 

•0011 

103 

KoC’l, 

101 

1 Rluxlium .. .. 1 

•0580 

0-98 

IM Cl, 

100 

1 Palladium .. .. | 

•0593 

1*02 

As Cl 

lOS 

* Silver 

0570 1 

1-00 

Cd Cl, 

112 

I 

Cadmium .. * 

•0507 

103 

Ill Cl, 

113-5 

I 1 

1 Indium 

■0509 

105 

Wn Cl,, Sn Cl^ 

IIH 

1 Tin 

1 -0502 

107 

SbCl„ SbCU 

122 

1 Antimony 

1 -0508 

1 

1-00 

TcCl, 

129 

' Telluiium 

■0171 

103 

WC1„ WC\ 

184 

Tungsten 

1 -0331 

100 

AuCl, AuCl, 

190-5 

Gold 

, -0325 

1-03 

IrCl„ IrCl,.. .. 

197 

, Iridium 

•0320 

1-04 

ptci„ rtci^ 

197 

! Platinum 

1 -0321 1 

1-04 

Os Cl„ Os CI4 

199 

Osmium 

1 -0311 1 

100 

IlgCl, IlgCl, .. 

200 

Mercury 

•0319 

103 

TlCl, TlCl,.. .. 

203 

Thallium 

■0325 i 

107 

Vb Cl, 

207 

Lend 

•0314 

105 

Bi CI3 

210 

1 Bismuth 

1 

•0308 

105 
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The most impv)rtaiit chemical characters of indium being thus 
established, there remains for consideration only tl»e question of its 
affinities to certain of the previously-known elements. And seeing 
that the atomic weights of the elements range from 1, the atomic 
weight of hydrogen, up to 240, the atomic weight of uianiuin, there 
opens out the further question, Avliethcr the more obvious elu'mical 
properties of the different elements are seriated in any way with tlieir 
atomic weights; or to put this last question in another form, whether 
the varied chemical properties of the elements are distributed among 
them haphazai'd, or according to some definite system of which the 
relationship subsisting betw'ecn their several atomic weights may pos- 
sibly serve os a key. Now the atomic weights, as distinguished fiom 
the combining proportions, of yttrium, eibinin, cerium, Innthanmn, 
and didymium, must be regarded for the i^resent as quite unknown. 
Out of the fifty-eight elements, how'cver, of which the atomic weights 
have been more or less well determined, forty-six have tlieir seviTal 
atomic weights ranging from 1 to 137, in an almost unbriiken sueces- 
sion. Ten of the other twelve have atomic weights ranging from 181, 
that of tantalum, to 210, that of bismuth; while the remaining two, 


Table III. — Elements, in Ordlr or Atomic ’Wiight.* 


1 . 1 

2 . 


3. 

1 4. 

6 . 

6 . 

7. 

8 . 


I. Ill 

Li 7 

Na 23 

K 39 

i •• 

1 Kb 85 

Agios 

Cs 133 

BCl 

11 . 

G 9 Mg 24 

Ca 40 i 

Zn G5 

Sr 87-5 ca 112 

Ba 137 J 

UCl, 

Ill 

B 11 

A1 

27-5 




|ln 113 


^It CI 3 

IV. 

C 12 

Si 

28 j 

Ti 50 

.. 

Zr 89 

^ 8 n 118 


KCh 

V. 

N 14 

P 

31 1 

V *51 

As 75 

Nb94 

j Sb 122 


1 ltd. 

VI 

0 IG 

S 

32 ' 

Cr 52-5 80 7!) 

' Mo 30 

Tp 129 


RCh 

VII. 

' F 19 

Cl 

35-5 

Mn55 

Br 80 

'1 

1 

I 127 


K V\j 

VIII. 

1 

1 

1 

' Na 23 

1 


.. 1 Fe 5G 1 

' Co 59 [ 

, Ni 59 ) 

1 

Cu G3-5 

1 

1 

1 

i RulOi 
Ro 104 
IM 100 

A,j 108 

^ 1 


KCh 


namely, thorium and uranium, have the closcl} -approximating atomic 
weights 238 and 210 respectively. In the above Table, the symbols of 
the forty-six elements having atomic weights ranging from 1 to 137, 

- -ar 

* This Table is based on one published by the author in lSfil-5. Siitiilar 
tables have bten construct d by Newlands, M»>(r, Mtnddojeir, and otjiors. 
The positions marked and are asMgULd l>y Mjmldejdf to ytliium, 

didyrnium, and cerium, respectively. The rt cognition of the utoinic weight of 
uranium as 210 , is also due to Mendelejeff. 
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are set down in the order of the atomic weights of the elements sym- 
bolized, — savo only in tho case of tellurium, of which the symbol is 
placed immediately above, instead of below that of iodine, and of 
wliich tho atomic weight may not improbably have been somewhat 
over-estimated. And violating tho order of numerical seriation in 
this small particular only, it is remarkable with what facility the 
symbols of tho forty-six elements may be arranged in parallel lines 
and columns, corrosponding to a natural classification of tho elcmcTits 
themselves into analogous groups and series. Indeed, a study of the 
entire number of olomonts at present known, would seem to indicate 
that they are one and all associated with each other by a certain com- 
munity of relationship; of which tho well-known gradation and 
parallelism in properties and atomic weights, of the members of the 
alkali and earth-alkali, and of tho halogen and oxygen families of 
elements afford only the most ju’omincnt evami)les. 

Taking tho second lino of the Table as an illustration, it is obseuw- 
abh^ that the seven metals symbolized thereon are distinguished from 
all tho others by their common property of forming one chloride only, 
and that a di-chloride ; further, that the metals figuring in tho uneven- 
numbored coliiinus of this line, namely, magnesium 24, zinc G5, and 
cadmium 112, are })ormanent in the air, are volatilizablo in tho direct, 
and basylous in tho inverse order of their atomic weights, and are 
otherwise specially associated with one another; while tho similarly 
associaU'd metals of the alternate or even-numbered columns, namely, 
calcium 40, strontium 87*5, and barium 137, are quickly oxidizablo in 
tho ail*, are practically non-volatile, and are basylous in the direct 
instead of in tho inverse order of their atomic weights ; and similarly, 
on tho other lines of tlie Table, tho elements symbolized are divisible 
into sub-groups, acetmling to their odd and even positimis respectively. 

Such being the relationship of tho elements placed on tho same 
line, tho relationship of those in tho same column is of a different 
kind. Taking the third and seventh columns by way of illustration, 
it is observable that the consecutive elements in each column have 
closely consecutive atomic numbei\s ; that the element on the first lino 
forms a mon«)-chlorido ; that on the second line, a di-chloride ; that 
on the third line, a tri-chloride ; and that on the fourth line, a tetra- 
chloride ; while those on the fifth, sixth, and seventh lines form oxides 
or oxichloridcs, corresponding to a penta-, hexa-, and hepta-chlorido 
respectively. 

By reason of its atomic weight, 113*5, indium is observed to figure 
on the third line and seventh column of the above Table ; but its posi- 
tion among the elements is better recognizable by a glance at the Table 
below, containing a portion only of the preceding one, supplemented 
by an additional column of elements of higher atomic weight than 
any of those iii(*ludcd previously. 

In respect of its atomic weight, then, triad indium occupies a posi- 
tion exactly intermediate between tlio positions of diad cadmium and 
tetrad tin, to both of which metols it presents a most marked ro- 
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somblanco in pfopcrties. Thny all tlireo have tlio same extreme 
degree of fusibility, and much tlie same ovidizability and rcducibility. 
Their sulphides are alike characterized by a ytdlow colour, tliat of 
cadmium, Cd S, being neutral ; that of tin, Su S^, being acidulous ; 
and that of indium, lu^ Sj, being strictly iutermediato. 
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Viewed in another aspect, triad indium occupies a position inter- 
mediate between the i)usitions of its remote triad congeners, aluminium 
and thallium. The mean atomic weight of the three metals being 
114 *3, the atomic weight of indium is 113 *5. The mean speeitic 
gi’avity of the three metals being 7*3, the speeitic gravity of indium 
is 7*4. And in resp(‘ct of purely choBneal habitud<‘s, hydrated alumina 
and hydrated india might easily bo mistaken for one another. It is 
interesting, moreover, to remark that the last-discovered two metals 
indium and thallium — discovered, it will be remembered, by the samo 
process, that of spectrum analysis — should bear to one another much 
the same sort of relation th;it is borne to one another by the jovian and 
saturnine metals of the alchemical or even pro-alcli(‘mical era. Just, 
for example, as the unstable and least-known chloride of lead, Pb Ch, 
corresponds 'to the stable elilorido of tin, Sn Ch, so does the unstable 
and Icast-knowm chloride of thallium, T1 Clj, correspond to the stable, 
and os yet only known, chloride of indium, In (Jlj, as suggested, 
indeed, by tlio h^cturcr some six or seven years ago. 

The study of such relatioiiNliips iicces>arily suggests many inquiries. 
Arranging the entire fifty-eiglit elements of which the atomic weights 
arc known, in a table similar to the prcjceding one for the forty-six 
elements having atomic weights not exceeding 137, some twenty or 
five-aiid-twenty new elements would be required to fill up the gaps in 
the different series ; but why should not new elements be discovered 
having atomic weights as much above that of uranium, 240, as its 
atomic weight is above that of barium, 137 ? 

Again, does it seem probable that bodies capable of being arranged 
in such a well-marked numerical series, are really elementary and 
mutually independent ; or is it more likely that the gradation of 
properties and atomic numbers manifested by these bodi(‘8, depends on 
their possession of different increments of common material ? 
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May it not be that the numerical ratio between the atomic numbers 

of proximate elements, ^ = approximativcly - , is really absolute ; and 

that it will hereafter bo proved to bo so by a better determination of 
atomic weights. Seeing that a short time back, caesium with the atomic 
wciglit 133, and rubidium with the atomic weight 85, both occurred as 
unrecognized impurities in potassium with its atomic weight 39, who 
shall answer for tlie absolute accuracy of even the best established of 
our present atomic weights ? 

Again, tho mean ditference in atomic weight between consecutive 
analogous elements, is, in tlie case of tlic nine following pairs of 
elements, lithium and sodium, gluciiuim and magnesium, boron and 
aluminum, carl)on and silicon, nitrogen and phosphorus, oxygen and 
sulphur, fluorine and chlorine, sodium and potassium, magnesium and 
calcium, 1 G* 1 ; the lowest ditference b(‘ing 15, and the highest 17. Tho 
mean ditference in the case of tlie four following similar pairs of 
proximate elements, phosphorus and vanadium, siilpliur and chromium, 
chlorine and manganese, arsenic and niobium, is 19*25; the lowest 
diflVu'ence being 19, and the highest 20 * 5. Tjastly, tho mean difference 
in tho case of the’ o* n following similar pairs of proximate elements, 
calcium and zinc, vanadium and arsenic, manganese and bromine, 
rubidium and silver, strontium and cadmium, silver and caesium, 
tantalum and bismuth, is 21 * (> ; tlm lowest and Ijigliest differences, oven 
in tlie case of these elements of such high atomic weight, being 23 
and 2G respectively. Are these dilferences in atomic weight only 
approximativcly, or are they inde(‘d absolutely, IG, 20, and 21 
respectively; and if so, why should the numerical difference between 
proximate associated elements bo 16 in one set of cases, 20 in another 
set, and 24 in a third ? 

[W. 0.] 



Friday, February 2, 1872. 

8ir Henry Holland, Bart. M.D. D.C.L. F.E.S. President, 
in the Chair. 

Professor Tyndall, LL.D. F.E.S. 

On the Identity of Light and Radiant Heat. 

Whether wo regard its achievements in the past, or its promise and 
tendency in the future, all that we know of physical science— every 
bent and bias which we receive from its pursuit — tends to confirm the 
dictum of the poet regarding this universe : — 

“ All arc but parts of one stupendous whole, 

Whose body Nature is.” ♦ 

If I halt here, and omit the next clause of the couplet, it is not 
because physical science has arrived at any conclusion hostile to that 
clause, at all events in its profoundcst signification, but simply because 
what the poet goes on to affirm lies outside tlio sphere of science. 
We, as physical students, have to do with “Nature” only, and our 
view of nature could not be more happily expressed than by the figure 
employed by the poet. For our vocation, and the delight and disci- 
pline that it confers, do not consist in the registration of unrelated 
facts and phenomena; but in the searching out and discovery of 
relationship in a system, whoso parts wo hold to bo as closely and 
definitely related to each other as are tho various organs and functions 
of tho living body itself. 

It was this spirit of search, this cai)acity and desire, developed 
amid natural agencies, to detect the lines of connection between these 
agencies, that gave for a time such keen interest to tho discussion, 
whether light and heat wpro essentially different things, or whether a 
substantial identity subsisted between them. It is not so very many 
years since that most excellent experimenter and philosophical in- 
quirer, Melloni, isolated from a solar beam a brilliant light, and 
finding it incompetent to affect his most sensitive thermoscopio 
apparatus, concluded that light and heat were essentially distinct. 
But in drawing this conclusion, Melloni forgot that ho was implicitly 
dealing with an instrument of almost infinitely greater delicacy than 
his .thormoscopic apparatus ; ho forgot that tho human eye, and the 
consciousness connected with the eye, arc cai)ablo of being vividly 
excited by an amount of fgreo which when translated into heat might 


* “ All are but parts of one stupendous whole, 

Whose body Nature is, and God the soul.” 

Pope’s Etiay on Many Kpibtle I., line 207. 
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defy all the thermomotcrs in the world to detect it. Mclloni himself 
subsequently modified his conclusion. 

It is not so very long since the late Principal Forbes was eagerly 
engaged in establishing the important point that radiant heat, like 
light, is capable of being polarized. Since that time Knoblauch, 
Foucault, Fizcau, and Scebcck have applied their refined experimental 
skill to this question of identity ; and those excellent investigators 
Do la Provostayo and Desains, pushed the analogy between light and 
heat so fai* as to prove that the magnetization of a ray of light, in 
Faraday’s sense of the term, has its parallel in the magnetization of 
a ray of heat. 

It was, however, in their private cabinets that these experimenters 
obtained their results, which were in most cases so small, as to 
require attention on the part of a skilled observer to detect them. 
But science grows, and our experimental means augment as our know- 
ledge expands. Bcccnt discoveries and improvements will, I trust, 
enable mo to make evident to you, to-night, effects which have been 
hitherto confined to far more limited circles ; some of which indeed 
have only been seen by the observers who first noticed and described 
them. And 'll accidents which often hold sway over lecture- 

experiments of a delicate character should prove favourable, we may bo 
able to push the subject a hair’s breadth beyond the limits which 
observation has hitherto assigned to it. 

Heat is prcfacntcd to us in two asj)ects : sometimes associated with 
ordinary matter, through wliich it creeps by the process of conduction ; 
sometimes not associated with ordinary matter, but, like light, flying 
through space with immense velocity. In this latter form it is called 
radiant heat, Radiant heat obviously and palpably comes to us from 
the Sun, but hero it is entangled with light. Let me, in the first 
place, endeavour to unravel this entanglement. 

When white light is refracted, it is unravelled and the sj)cctrum 
is produced. A spectrum of the electric light was thrown upon a 
screen; and red, green, and’ black ribbons about an inch wide were 
successively moved along it. The red placed in the red light ap- 
peared a brilliant red; when moved into tlie green it became black. 
In like manner the green ribbon moved from the green, where it 
shone vividly green, into the red, became an intense black. The black 
ribbon was black in every part of the sj)ectrum. 

Now the red ribbon is not heated in red, and the green is not 
heated in green; but red is heated in green, and green in red. We 
have heating only where we have absorption ; and the heat generated 
is the equivalent of the light absorbed. Black absorbs all the rays 
of light, hence, indeed, its blackness; and if it could speak, it might 
toll us the warmth of every colour. But warmth exists outside the 
colours. Beyond the red, where nothing is seen, the force acting on 
the retina is far greater than when the eye is plunged in the red. 
The objective here is entirely out of proportion to the subjective. 

The existence of this heat was thus proved. All the colours but 
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the red were cut oflf by a red glass, and with a diaphragm having a 
circular opening, a well-defined rod circle was produced. This was 
refracted by a prism, still remaining a circle. A thermo-pile with its 
face towards the lamp was then caused to approach the path of the 
beam. It would have been seen by its shadow on the screen if the 
light had been at all invaded; but with a considerable interval be- 
tween the pile and the light, a largo deflection of the galvanometer 
testified to the presence of heat beyond the luminous circle. An 
opaque solution* was substituted for tlio red glass. A circle re- 
mained, but it was an invisible circle of radiant heat instead of a 
circle of light, and the needle of the galvanometer did not fall, 
though the visible image had vanished. 

Thus, as regards refraction, wo have radiant heat behaving like 
light. And now for reflexion. A horizontal beam of light was re- 
flected upwards by a plane mirror, and when the liglit was cut off by 
the introduction of the ojwique cell, a powerful beam of reflected lieat 
was proved still to remain. The luminous beam was then totally 
reflected by a prism to a horizontal direction; the light was again cut 
off, and a powerful deflection of the galvanometer needle was obtained 
by the residual heat-beam. Thus, in respect to common and total 
reflexion the behaviour of light and heat is the same. 

The action of lenses on light and heat was then demonstrated, 
the invisible heat-rays being brouglit to a focus as readily as the 
rays of light. 

A Ix'am of light was then made to strike a concave mirror, and at 
the focus, which \\as strikingly visilde in the dust of the ro(Hii,‘the 
thermo-pile was placed, liavihg its fac(‘ eoverr d. The light h(;ipg cut 
otf by the dark cell, and tlie covering scrt'cn drawn away, th(' needle 
of the galvanometer at once fli‘w to its stoj>s. 

Double refraction by Iceland spar was m*\t described and ex- 
plained. It was illustrated by passing through the spar a circular 
beam of light, which, on tho screen, gave two images. The jdaces 
on the screen where these two images fell were marked, and the 
light was cut off by the iodine cell. On introducing the thermo- 
pile with its face towards the lamp, when it occupied tho position 
of either light-image, a deflection of tho necdlo was obtained. Of 
tho two images, one is the ordinary, the other the extraordinary. 
Is tho same true of the heat ? Placing the pile in tho place of tho 
ordinary image, cutting off tho light, and turning the spar, tho deflec- 
tion of* tho needle remained unchanged; but when the spar was turned 
round, while the pile occupied the place of the extraoi’dinary imago, 
the needle instivntly fell. Why ’ Kelnoving tho dark cell and rotating 
the spar, tho (‘xtniordinary light-imago was seen to rotate round the 
ordinary one, which remained fixed. Tho heat-beam did the same and 
thus quitted the pile. IIcr(‘ then we prove that tho hcat-boam also 


lodiuo in bisulphide of carbon. 
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has its ordinary and extraordinary imago. This, it was believed, was 
the first time the effect had been obtained, with purely invisible heat. 
Knoblauch had demonstrated the double refraction of heat, using the 
total beam, luminous and nou-luminous, of tlie Sun. 

Some of the phenomena of polarization were next touched on. 
Light is propagated by the undulations of an ether ial medium, the 
direction of vibration being perpendicular to the direction of propaga- 
tion. A crystal of tourmaline has the property of (picnching all vibrations 
except those which are parallel to the axis of the crystal ; lienee, a 
plate of tourmaline cut parallel to the axis will allow all vibrations in 
that direction to pass through it, but will stop all otlnu’S. A beam of 
light which has passed through one plate of tourmaline is therefore 
unable to pass through another placed transvcTsely to it, whereas, if 
the axes are parallel, the light is but little dinjmed by the second plate. 
The black space due to the superj)osition of the crossed plates of tour- 
maline was shown, as also the abolition of the doikncss by a thin film 
of mica introduced between the plates. 

A bcArn with all its vibrations reduced to the same plane is called 
a beam of lilarip polarized Vajlii. 

The two b^«»nis emergent from double-refracting spar are thus 
polarized. !Nicol got rid of one. He cut a parallclojnpcd of spar 
into two by a V(‘ry oblique section, polished the two surfaces, and united 
tliem by Canada balsam. Tlio ordinary or more powerfully refracted 
i*ay, at the surface of the balsam is, in consequence of its obliquity, 
totally reflected, and the ('xtraordinary ray passes on alone. In this 
way we obtain an intense beam of polarized light. 

A l)eam of light was s<‘nt tliroqgh two large Nicol jirisms, and 
shown to bo entirely (‘xtinguished Avhen tlic principal sections of tho 
prisms crossed eacli otlier. The introduction of a jdate of mica 
between tliom caused, as in tlic case of tlic crossed tourmalines, tho 
instant reappearance of the light. Tlie opaque cell was then placed 
in front of tlic lamp, all visilde rays being thus intercepted. Tho 
thermo-pile was next placed so as to receive tho beam after leaving 
tho second Nicol prism. Causing one of tho crossed prisms to rotate, 
a path was opened for the heat exactly as for the light, the deflection 
of tho needle speedily bearing witn(‘RS to the fact. The prisms being 
again crossed, the heat-beam was again quenched ; but as in the case 
of light, the introduction of a jiiece of mica restored the heat and 
cirused a largo deflection of tho galvanometer. 

Faraday’s great experiment w as next performed. A beam of light, 
pidarized by ono Nicol’s prism, w^as made to pass through a piece 
of licavy glass placed betw'een tho perforated polos of an electro- 
magnet, and afterwards through another Nicol, so placed that tho 
beam was extinguished. When the magnet was excited tho plane of 
polarization was caused to rotate and a luminous imago flashed in- 
stantly out upon the scene. 

The effect of magnetization is greatly augmented by adopting the 
device of MM. Do la Provostayc and Desains, of causing the principal 
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sections of the Nicol’s prism to enclose, not a right angle, hut on angle 
of 46°. This was done, the heat falling on the pile being neutralized 
by the method of compensation. On sending a current round the 
magnet a considerable deflection of the needle was obtained, the direc- 
tion of the deflection depending on that of the magnetizing current. 

De la Provostaye and Desains thus obtained w ith luminous solar 
heat a deflection of two or three degrees. With the iodine filter and 
the electric lamp a deflection equivalent to 150 of the lower degrees 
of the galvanometer w'as obtained from purely non luminous heat. 

[J.T.J 



Friday, February 16, 1872. 

Sir Henry Holland, Bart. M.D. D.C.L. F.R.S. Presideut, 
in the Chair. 

John Hall Gladstone, Esq. Ph.D. F.K.S. F.C.S. M.R.L 
On the Crystallization of Silver, Gold, and other Metals. 


There are fow chomical experiments so well known as the growth of 
the “ lead tree,” a specimen of which is on the table, together with a 
“ silver tree ” that is said to have been made by the late Professor 
Faraday. These carry our minds back to tlio time of the alchemists, 
who called the first “ arbor Saturni,” and the second “ arbor DiansB 
and they may looked upon as the types of a largo number of 
plienomena, in which the salt of one metal in solution is docomposed 
by some other metal. My assistant, IVlr. Tribe, and myself have been 
lately examining these reidacemonts, the metallic crystals which are 
thus produced, and the forces that act through the liquid. 

Our more special attention has been given to the mutual action of 
copper and nitrate of silver. If these two substances be brought into 
contact by the intervention of water, there grow upon the red metal 
what may bo well called “ trees,” and though the analogy between 
crystals and plants is a very superficial one, yet the resemblances of 
external form are striking enough, and a nomenclature drawn from 
the garden seems the most expressive. 

It is very beautiful to watch tlie growth of these silver crystals 
round a piece of copper under the microscope ; a blue glass underneath 
adds to the effect, and they are best seen when tliey reflect a strong 
light thrown upon them. They may bo also thrown upon a screen as 
opaque objects, but the beauty and lustre of their surface is in this 
way lost. 

The crystals of silver thus produced differ both in colour and 
form, according to the strength of the solution. If it bo very weak — 
say one per cent. — the copper is fringed with black bushes of the 
metal, which, in growing, change their colour to white without any 
alteration of crystalline form that can be detected by a powerful 
microscope. A stronger solution gives white crystals from the com- 
moncoment, which frequently assume the appearance of - fern-leaves ; 
while the growth from a still stronger liquid reminds us rather of a 
furze bush. If the nitrate of silver amount to 15 per cent., or there- 
abouts, there occurs a steady advance of brilliantly white moss ; and 
if the solution bo saturated, or nearly so, say 40 per cent., this moss 
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is very sturdy, ofton ending in solid crystalline knobs, or stretching 
out into the liquid as an arborescent fringe. 

In all these cases, however, when the solution in front of the 
growing crystals has been somewhat exhausted, certain prominent or 
well-circumstanced crystals seem to monopolize the power, and to 
push forward through the remaining portions of the liquid. This 
gives rise to beautiful branches which assume a variety of graceful 
forms, which it is hopeless to attempt to pourtray by diagrams, but of 
which the subjoined figures give some of the more characteristic 
outlines greatly magnified. The weak solutions produce feathery 
crystals somewhat as in Fig. 1, consisting of a straight central stem 



from which grow on either side crystalline rays that terminate in a sharp 
point, and frequently become themselves the centre stems of a similar 
crystalline structure. In the outlying growth of a moderately strong 
solution the apparent regularity of the crystalline form is lost ; the main 
stem is built up of a confused mass of hexagonal plates, wliile the side 
branches are an agglomeration of minute pointed crystals turning in 
every direction, and producing such jagged outlines as arc drawn in 
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Pig. 2. In stronger solutions still the branches lose every appearance 
of straightness, and they are built up of h(‘xagonal plates so studded 
with crystalline specks that the whole has the rounded appearance 
depicted in Fig. 3. The arborescent crystals that succeed the fringes 
from a saturated solution, are smaller in their foliage than the last, 
and end in little spherical or botryoidal knobs. 

Beside these various forms, there occur all kinds of crystalline 
combinations, as, for instance, the spray sketched in Fig, 4, where 
the rough branches have terminated each in a large hexagonal plate, 
and the flowing past of a weakened solution has afterwards caused the 
growth of delicate fern-leaves. Often, too, a large expansion will take 
place in every direction, though joined to the parent stem by an 
almost invisible thread ; or from the point of a long crystal there will 
branch out to right and loft crescent-shaped structures, a process the 
commencement of whicli is seen in one of the side rays of Fig. 1. The 
last traces of silver in the liquid will frequently give rise to delicate 
crystalline filaments wandering over the surface of the glass, as in 
Fig. 5. 

If a piec^ of v.inc be placed in a solution of neutral terchloride of 
gold, containing about 9 per c<‘nt. of salt, there is an immediate out- 
growth of black gold, which spc^edily changes to an advancing mass 
of yellow, or perhaps lilac metal in lichen-like forms, from which 
proceed beautiful fringes of yellow or blaek, ending generally in such 
arborescent forma as are represented in Fig. 7. As these branches 

1 10 7 



push into the yellow liquid, it becomes colourless even in advance of 
their points, and it frequently hajqicns that yellow crystals of some 
salt shoot out in front of the crystallizing metal, which follows them 
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and builds up its advancing fronds at their expense. This is shown 
in the figure. The gold will generally shoot its yellow branches 
rapidly round the margin of the drop. Such a running branch has 
been seen to stbp on touching at one point a loose piece of gold, which 
immediately in its turn became active, and commenced to sprout on 
its farther side. 

Copper salts give round nodules, which have no crystalline ap- 
pearance when deposited from moderately weak solutions, but a very 
strong solution of the chloride — about 40 per cent. — yields with zinc 
first a black thick growth, then arborescent fringes of red metal, 
terminating in crystals of very appreciable size. 

The fringes referred to in the ease of these three metals are still 
more characteristically developed by bismuth. When a solution of 
terchloride of bismuth acts on zinc there is an immediate outgrowth 
of black fringes, such as Fig. 8, where they are seen on an illumi- 
nated field. These as they advance become more and more arbo- 
rescent, and as tlie crystalline character develops itself more they 
change from black to grey. Sometimes bismuth presents itself in 
botryoidal masses, but the tendency to form these fringes is very 
strong. 

Fig. 8. 



Chloride of antimony with zinc also gives these black fringes. 
Lead salts yield crystals resembling those of silver ; but leaves of 
irregular hexagonal plates prevail, and often grow to a large size. 

A solution of acetate of thallium, containing 20 per cent, of salt. 


quickly gives a beautiful forest of thorny crystals. 

Sulphate of cadmium gives rise to a small leaf-like growth on 
zinc ; but a strong solution of the chloride produces an appearance 


of sticks covered with small spines or knobs. 

The new metal indium is thrown dowm upon zino in the form of 


thick white crystals. The deposition is promoted by touching the 
zinc with a piece of iron. 
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Tin gives beautiful results. If zinc be placed in a solution of 
stannous chloride it is quickly surrounded with an outgrowth of pro- 
longed octohedra, and as these advance into the liquid it is easy to 
observe that the additions of new metal commence at the apex, and 
that the wave of chemical change proceeds down the lateral edge, 
occupying some seconds of time in depositing the new layer of 
material. Frequently, also, there is a luxuriant growth of large flat 
leaflets, or of symmetrical structures resembling fern-leaves, but with 
the fronds arranged at right angles, or combinations of these with 
octohedra, as shown in Fig. 6. These fem-leaves often begin of a 
dull grey colour ; but, as they advance, suddenly change to a brilliant 
white. 

The particular form of these crystalline growths depends, there- 
fore, primarily, on the specific character of the metal ; but this is 
greatly modified by the strength of the solution. 

The forms assumed by native metals resemble those produced by 
this process of substitution. In some cases, indeed, it seems almost 
certain that the deposition of these minerals was effected in the same 
way, as, for instance, the silver which occurs sometimes in tufts, 
sometimes ie ' crystals, on the native copper of the Lake Sui)erior 
district. Gold is frequently found in cubes more or loss rolled, but 
the leaf gold from Transylvania bears a striking likeness to the 
crystals that form in our laboratory exj)eriment8. Silver is often 
found native as twisted hairs or wires of metal— a form that never 
occurs in the decomposition of its nitrate by copper, but which can be 
artificially produced in another way. 

There has been noticed a singular tendency in old silver orna- 
ments and coins to become crystalline and friable. Hero is an ancient 
fibula from tho island of Cyprus, supposed to be at least 1500 years 
ohl, which, through the greater portion of its substance, presents a 
fracture something like that of cast iron, and its specific gravity has 
been reduced in round numbers from 10 to 9. It contains a little 
copfJer. This property of certain metals, or their alloys, to change in 
condition and in volume, is worthy tho attention of those whose duty 
it is to make our standards. Experiments should bo instituted for 
tho purpose of learning what metals or combinations of metals are 
least subject to this secular change. 

These metallic crystals aro Nature’s first attempt at building. 
The material is tho simplest possible —in fact, ^vhat chemists look 
upon as elementary. But how is tho building carried on ? What are 
the tools employed ? Where aro tho bearers of burdens that bring 
tho prepared pieces and lay them together according to the plan of the 
Great Architect ? Wo must try to imagine what is taking place in 
tho transparent solution. The silver, of course, existed at first in 
combination with tho nitric oloment, and for every particle of silver 
deposited on the growing tree, an equivalent ^jarticlo of copper is 
dissolved from the surface of tho plate. Tho nitric element never 
ceases to be in combination w'ith a metal, but is transferred from the 
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one metal to the other. On the “ Polarization Theory,” the positive 
and negative elements of the salt constantly change places and enter 
into fresh combinations, one consequence of which would bo a gradual 
passage of the nitric element from the growing silver to the copper 
plate. This actually takes place, and there is a diminution of the salt 
at the ends of the silver branches, giving rise to an upward current, 
and a condensation of nitrate of copper against the copper plate, which 
gives rise to a strong downward current. These two currents are 
seen in every reaction of this nature. In the case of silver and 
copper, however, it has been proved that the crowding of the salt 
towards the cop|>er plate is more rapid than would follow from the 
usual polarization theory. The instrument employed for determining 
this point was a divided cell in which two plates, one of silver and 
the other of copper, connected together by a wire, are immersed each 
in a solution of its own nitrate, contained in each division of the cell, 
and separated from one another merely by parchment i)aper. The 
crystals of silver deposited on the silver plate in this experiment arc 
very brilliant. 

There are other indications of the liquid being put into a special 
condition by the presence of the two metals which touch one another. 
Thus zinc alone is incapable of decomposing pure water ; but if copper 
or platinum be deposited on the zinc in such a manner that the water 
can have free access to the junction of the two metals, a decomposition 
is effected ; oxide of zinc is formed, and hydrogen gas is evolved. At 
the ordinary temperature the bubbles of gas rise slowly through the 
liquid, but if the whole be placed in a flask and heated, pure hydrogen 
is given oflf in large quantity. Wo have also found that iron or lead 
similarly brought into intimate union with a more electro-negative 
metal, and well washed, will decompose pure water. 

As might be expected, -the action of magnesium on water may be 
greatly emionced by this method; and a pretty and instructive 
experiment may be made by placing a coil of magnesium in pure 
water at the ordinary temperature, when there will be scarcely any 
effect visible, and then adding a solution of sulphate of copper. The 
magnesium is instantly covered with a growth of the other metal, and 
at the same time the liquid seems to boil with the rapid evolution of 
hydrogen bubbles from the decomposed water. i 

When, however, the force of the two metals in contact has to 
traverse a layer of water, the resistance offered by the fluid prevents 
its decomposition. This must also bo an important clement in the 
decomposition of a metallic salt dissolved in water, and in fact we 
have found that the addition of some neutral salt, such as nitrate of 
potassium, increases the action — apparently by diminishing the resist- 
ance of the liquid. Jf, too, we increase the quantity of the dissolved 
metallic salt, we get more than a proportional increase of deposited 
metal. Thus, in an experiment made with the different strengths of 
nitrate of silver on the table, the following results were obtained in 
ten minntes, all the circumstances being the same except the strength 
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of the solution : — 


1 per cent solution dissolved ‘025 grm. copper. 

2 „ „ -078 

4 „ .. .. -224 


In fact it has been found that in solutions not exceeding 6 per cent., 
twice the amount of nitrate of silver dissolved in water gives three 
times the amount of chemical action ; and this is true with other 
metals also in weak solution. It may be that this is not the precise 
expression of a physical law, but it agrees at least very closely with 
the results of experiment. 

The power arising from this action of two metals on a binary 
liquid may be carried to a distance and produce similar decomposi- 
tions there. This is ordinary electrolysis. Metals have often been 
crystallized from their solutions in this way, and Mr. Braham has 
made excellent preparations of crystalline silver, gold, copper, tin, 
platinum, (&c., by using poles of the same metal as that intended to 
bo deposited upon them. The forms thus obtained are precisely 
analogous to Ihusi* produced by tho simple immerMon of one metal 
into the soluble salt of another, and illustrato still further the essen- 
tial unity of tho forco that originates tho two classes of 2 )henomena. 

f J. II. G.J 



Friday, March 1, 1872. 

Sib Henry Holland, Bart. M.D. D.O.L. F.R.S. President, 
in the Chair. 

C. William Siemens, D.C.L. F.R.S. M.R.L 

On Measuring Temperatures by Electricity, 

The truth revealed to us by one of the younger branches of physical 
science, which has been cultivated and expounded nowhere more 
effectually than within these walls, has divested heat and electricity 
of their mysterious character, and has taught us to regard them simply 
as “ modes of motion.” 

Light also has been shown to bo identical in its nature with heat, and 
the only remaining physical agency, ‘‘ chemical affinity,” has been recog- 
nized as a force differing only in “ quality of action ” from the others. 
According to these views, force, in wdiichevcr type of action it presents 
itself, is as indestructible as matter itself^ and is therefore capable of 
being stored up and measured with the same certainty of result. Wo 
have a unit of force or the foot lb., and a unit of heat, or the heat 
necessary to raise the temperature of 1 lb. of water through one degree 
Fahr., and it has been already proved that 772 units of forco'lare the 
equivalent value of one unit of heat. Again, the chemical force residing 
in 1 lb. of pure coal is equal to about 14,000 heat units, or 14,000 x 
772=10,808,000 ft. lbs. = 4825 tons lifted one foot high. 

Questions regarding tlie quantitative effects of heat present them- 
selves, however, much less frequently for our consideration tlian 
questions regarding its intensity^ upon which depends the nature of tho 
phenomena surrounding us at every step, both in science and in 
ordinary life. Tho instrument at our command for determining 
moderate intensities or temperatures, the mercury thermometer, leaves 
little to be desired for ordinary use ; but when we ascend in the scale 
of intensity, wo soon approach a point when mercury boils, and from 
that point upward wo are left without a reliable guide. The result 
is, that we find in scientific books on chemical processes, statements to 
the effect that such or such reaction takes place at a didl red heat, 
such another at a bright red, a cherry red, a blood red, or a uhite heat — 
expressions which reniind one rather of tho days of alchemy than of 
chemical science of tho present day. 

There are pyrometers, it is true, but these are either of a complex 
nature, or little reliance can bo placed on them. 

It is my purpose this evening to place before you an instrument 
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by which I hope to fill up to some extent the existing gap. It is the 
result of occasional experimental research, spread over several years, 
and it aims at the accomplishment of a double purp{jso, that of 
measuring high temperatures, and of measuring with accuracy the 
temperatures of inaccessible or distant places. 

But before entering upon the details of my subject, I propose to 
place before you an instrument which fulfils, in principle, all the 
conditions essentially necessary in thermometry, and is at the same 
time the very first instrument tliat was ever proposed for measuring 
temperatures. I speak (jf the air thermometer by Galileo ! It can bo 
shown on theoretical grounds, that the expansion of a permanent gas 
at constant pressure is the most perfect index of temperature. It is 
in fact, the degree of energy of the atomical motion in an elastic fluid 
which determines its volume, and which constitutes at the same time 
its temperature. 

The air thermometer consists simply of a bulb of glass with a long 
tubular stem, open to the atmosphere at its extremity. If I heat the 
bulb (by dipping it for instance into 
boiling water) and put it into a holder, 
with the liollon' ‘•t.ia reaching down- 
ward into a cup of mercury, the air 
within the bulb will no longer com- 
municate directly with the atmosphere', 
because the mercury is intorposed. If 
now I cool the air within the bulb, by 
the external application of iced water 
its heat motion will diminish, and its 
volume would be reduced ]>roportion- 
ally, if the external atmosphere could 
enter freely to till up the vacancy thus 
created. I5ut inasmuch as the external 
air cannot enter, a reduction of pressure 
will take place, which, according to the 
law of elasticity by Boyle, must be pro- 
portionate to the reduction of volume at 
constant pressure. The diflerence of 
pressure thus created between the bulb 
and the external atmosphere will be 
balanced by the column of mercury 
rising up into the tube, and the eleva- 
tion to which the mercury attains is a true index of the temperature 
to which the air in the bulb had been previously heated. This is true 
with regard to all temperatures, from the lowest to the highest, and 
the instrument may be termed a universal thermometer. If the bulb 
' could be cooled down to 273° Centigrade below the zero point, it 
would follow by the law of Charles that the elubtic pressure of air 
would bo reduced to nothing, that is to say, tlie motion of the par- 
ticles of air, which w© call heat, would have ceased, and wo should 
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have reached the point of absolute zero, a point which has been theo- 
retically established also by other means. 

Practically, such an instrument would be most inconvenient ; its 
indications would have to bo corrected by calculation for baroui(*trical 
variations ; the capacity of the descending tube, which contains air not 
Bubjt'cted to variation of temperature, would have to be taken into 
account, and no reliable observations could be arrived at, withtuit 
taking special precautions, such as arc only within reach of the cx2>eri- 
mcntal physicist. 

[The other known nictliods of measuring ordinary and fui’iiace 
tempci*atm‘cs were here passed in review, and the limits of their 
application pointed out. They were classilied into : 

Thermometers, by expansion of liquids. 

Thennometors, by the expansion of solids. 

Pyrometers, by chemical decomposition of solids, comi)rising 
Wedgwood s and Deville’s pyroim ters. 

Pyrometers, by observing the melting-point of metals. 

Pyrometers, by thermo-electricity. 

Pyrometers, by exposing a co})pcr or platinum ball of known 
heat capacity to tlio li(‘at to bo ascertained, and of qiiencliiiig 
it in a measured quantity (d* water.] 

The instrument which forms ilie subj(‘(*t matter of my discouiso 
presents many points of analogy with tlie air thcrinonict(*r, if wc 
substitute “ electrical resistance in conductots ’’ for c.rp(insion of (jas< s'* \ 
Both these clicets are functions of tcunperature, increasing with the 
tt'mpcraturo according to ijrogrcssive laws, which in the cast) of 
the gases w'o call the law of Cliarks, and in the case of ct)n- 
ductors, the law of increase <f electrical resistance with trm 2 >er<itffre." 
Tlie latter law, which is of recent origin, had already been par- 
tially developed by Awidsen, Swanberg, Ijcuz, and \\ t ruer Siemens, 
when my attentit)ii was directed, in IHGO, tt)W’ards an apjdicatiun of 
tlie same to the measurement of tomperaturcH at phicts inacces- 
sible to the ordinary tlu rmtimeter. By nn)ans of the contrivance which 
I shall describt* presently, 1 was enabled tt) tell, in tlie testing cabin of a 
cable ship, the increasing temperature of the interior of the mass cable 
in the bold, and to prove the necessity of transhipment of the same 
into a vessel fitted with water-tight tanks, which have b(‘cu resorted to 
ever since, to avoid the danger of softening the gutta-percha covering. 

I have arranged an apparatus for jiroviug to you in the first instance 
that the conductivity of a wire of platinum or other nutal is greatly 
influenced by its tomi>eraturc ; for this purpose I direct the cuiTcut of 
a galvanic battery at will through two branches of equal resistance, 
each branch comprising a free spiral win* of platinum and one of the 
coils of a differencial galvanometer. By throwing tin' powerfiil light 
of an electric lamp upon the face of the difierential galvanometer, and 
by throwing the image by means of a mirror and lens upon tlio screen, 
the audience will see any movement of the needle to the right or the 
left that may take place when 1 complete the battery connection. The 
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resistance of both branch circuits being tho same, no deflection of the 
needle is observable on depressing the key, but when 1 pass the flame 
of a spirit-lamp under tho one platinum coil tho needle is thrown im- 
mediately over to the right, because tho electrical icsi stance of the 
heated wire is increased, and consequently a larger pro 2 )oi tion of the 
current is passing through tho cooler ciicuit, cxeicising a prepon- 
derating influence upon the galvanic needle. When I withdraw the 
spirit flame from tho wiro tho needle rapidly returns to its zero posi- 
tion, but in passing it under 


the other spiral wiro tho 
needle immediately deflects 
in tho opposite direction. 

If instead of using tho 
open sjiirals I were to wind 
thin insulated wire of any 
pure metal upon two small 
cylindrical pieces of wood, 
and wore to cncloso tho tiny 
spirals in small silver cas- 
ings, as Bhov\n ii ”*ow and 
in section by Fig. 2, taking 
care that tho extremities 
of tho spiral wires weie 
soldered to thicker insu- 
lated wires lca<ling respec- 
tivtly to tho battery and 
diflbrential galvanometer 
before mentioned, it follows 
that no deflection of the 
needle ensues ^\hcn both 
the protected and equal 
spirals are dropped into a 
jar containing iced water. 
But if 1 take one of the 
spirals from tho water, and 
place it, for instance, by his 
kind permission, into the 
hand of our Piesident ^^ith- 
out disconnecting tho same 
from its leading wires, tho 
balance of resistance will no 
longer take place, and a de- 
flection of the needle to the 
right actually takes place. 


Fio 2 



Full size. 


I will now endeavour, however, to re-establish tho equilibrium by 
adding worm water to tho iced water surrounding tho comparison 
coil near me until no deflection of the iioedlo is observable. This 


result being obtained, it follows that the temperature of the water 


HS- Vol 2 M 
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Bnrronnding the one coil must be identical with tho temperature of 
onr President’s hand, and the delicate mercury thermometer which 
I have placed in my solution must give mo the temperature of the 
distant place which I intended to measure. Tho temperature here 
observed is 89 ‘5^^ Fahrenheit, which is at this moment that of Sir 
Henry Holland’s hands. This result is independent of the ratio in 
which the electrical resistance increases with temperature in tho 
similar coils, and considering that the silver casings containing tho 
coils are not larger than small pencil-cases, this method might be 
advantageously employed in physiological research. Tho one coil 
would only have to bo placed within tho cavity to be measured to 
enable the observer to read tho temperature from time to time, with- 
out disturbing tho patient, with the accuracy of which the mercury 
or spirit of wine thermometer employed is capable. But the same 
method is applicable for measuring the temperatures of distant or in- 
accessible places, such as the interior of stores or cargoes of materials 
liable to spontaneous combustion ; of points elevated above tho surface 
of the ground ; or of great depths below for meteorological purposes ; 
or for measuring tho temperature of the sea continuously in attaching 
such a coil to the mariner’s sounding lead. An error w'ould in such 
cases arise, however, through the uncertainty of the resistance of long 
leading wires, if a complete remedy of error from such a source had 
not suggested itself. This consists in uniting three separate insulated 
leading wires, into a cable by which tho distant coil is connected with 
the measuring instrument. One galvanic circuit passes from tho bat- 
tery through one of tho leading wires, through tho distant spiral and 
back again through the second leading wire to the diflerential galva- 
nometer and the battery, and the second passes from tho saute battery 
through tho near coil, and tlirough tho third leading wire up to tho 
distant coil without traversing the same, and back again through tho 
second leading wire to tho galvanometer and battery. Thus both 
galvanic circuits comprise the leading wires up to the distant coil, and 
all variations of resistance by temperature to which tho leading wires 
may be subjected, affect both sides of tho balance equally. In con- 
structing coils for measuring deep-sea temperatures a large quantity 
of insulated copper or iron wire is wound upon a metallic tube open 
at both ends to aidmit the sea-water freely in order to impart its tem- 
perature to the innermost layers of the insulated wire. Tho coil of 
wire is protected externally by drawing a tube of vulcanized india- 
rubber over it, which in its turn is bound round by a close spiral 
layer of copper wire, whereby the sea- water is effectually excluded 
from tho sensitive coil. By these arrangements the temperature of 
distant or otherwise inaccessible places can be accurately ascertained ; 
but the method is limited to the range of temperature which can be 
obtained and mcasil^bed in the comparison bath. In order to ziealize 
a pyrometer by electrical resistance, it is necessary to rely upon the 
abi^lute measurement of tho electrical resistance of a coil of wire 
which must bo made to resist intense heats without deteriorating 
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throngh fusion or oxidation. Platinum is tho only snitablo metal 
for such an application, but oven platinum wire deteriorates if 
exposed to the direct action of the flame of a furnace, and requires 
an external protection. Tho platinum wire used has, moreover, 
to bo insulated and supported by a material which is not fused or 
rendered conductive at intense heats, and the disturbing influence of 
leading wires had in this case also to bo neutralized. These various 
conditions are very fully realized by tho arrangement represented on 
the following diagram, Fig. 3. 










wm 


Thin platinum wire is coiled upon a cylinder of bard-baked porce- 
lain, upon the surface of which a double-threaded helical groove is 
formed for its reception, so as to prevent contact between the coils of 
wire, Tho porcciaiu cylinder is pierced twice longitudinally for the 
passage of two thick platinum leading wires, which are connected to 
tlic thin spiral wire at tho end. In tho upper portion of the porcelain 
cylinder tho two spiral wires are formed into a longitudinal loop, and 
are coimoctod crossways by moans of a platinum binding screw, which 
admits of being moved up or down for tho purpose of adjustment of the 
electrical resistance at the zero of Centigrade scale. The porcelain 
cylinder is’ provided with projecting rims, which separate the spiral 
wire from tho surrounding protecting tube of platinum, which is 
joined to a longer tubo of wrought iron, serving the purpose of a 
handle for moving tho instrument. If the temperatures to be mea- 
sured do not exceed a moderate white heat, or say 1300*^ Centigrade 
= 2372^ Fahr., it suflices to make tho lower protecting tubo also of 
wrought iron, to save expense. This lower portion only, up to the 
conical enlargement or boss of iron, is exposed to tho heat to bo mea- 
sured. Three leading wires of insulated copper united into a light 
cable connect tho pyrometer with tho measuring instrument, which 
may be at a distance of some hundred yards from tho same. They 
are connected by means of binding screws at tho end of the tubo to 
three thick platinum wires passing down tho tubo to the spiral of thin 
platinum wire. Hero two of the leading wires are united, whereas the 
third traverses tho spiral, and joins itself likewi^ to one of the two 
former, which forms tho return wire for two electrical circuits, the one 
comprising tho spiral of thin wire, and the other returning immediately 
. in front of tho some, but traversing in its stead a comparison coil of 
constant resistance. Tho measuring instrumoni may consist of a 
differential galvanometer as before, if to the constant resistance a 
variable resistance is added. If the pyrometer coil were to be put 
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into a vessel containing snow and water, the balance of resistance 
between the two battery circuits would bo obtained without adding 
variable resistance to the coil of constant resistance, and the needle of 
the diflEbrential galvanometer would remain at zero when the current 
is established. But on exposing the pyrometer to an elevated tem- 
perature the resistance of its platinum coil would bo increased, and 
resistance to the same amount would have to be added to the constant 
resistance of the measuring instrument, in order to re-establish the 
electrical balance. This additional resistance would bo the measure 
of the increase of temperature, if only the ratio in which platinum 
wire increases in electrical resistance with temperature is once for all 
established. This is a question which I shall revert to after having 
completed the description of the pyrometric instrmnent. 

Although I have explained that by means of a difForential galvano- 
meter and a variable resistance (constituting in eflEbct a Wheatstone 
bridge arrangement) the increasing resistance of the platinum spiral 
may be measured, it was found that the use of a delicate galvanometer 
is attended with considerable practical difficulty in iron-works and 
other rough places where it is impoiiiant to measure elevated tempe- 
ratures, or on board ship for measuring deep-sea temperatures. I was 
therefore induced to seek the same result by the conception of an 
instrument which is independent in its action from tremulous motion, 
or from magnetic disturbance caused by moving masses of iron, and 
which requires no careful adjustment or special skill on the part of 
the operator. This instrument is represented by Fig. 4 on page 440, 
and may be termed a chemical resistance measurer or “differential 
voltameter.** The immortal Faraday has proved tliat the decompo- 
sition of water in a voltameter expressed by the volumes Tff gases V, 
is proportionate in the unit of time to the intensity I of the decom- 
posing current, or that . 



According to Ohm’s general law, the intensity I is governed by the 
electro-motive force E, and inversely by the resistance R, or it is 



It is therefore 

V E E T ; 

or the volume V would give a correct measure of the electrical resist- 
ance R if only the electro-motive force E and time T wore known and 
constant quantities But the clcctro-motive force of a batb^ry is very 
variable ; it is influenced by polarization of the electrodes, by tempe- 
rature, and the strength and purity of the acid employed. The 
volume of gases obtained is influence, moreover, by the atmospheric 
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pressure, and it is extremely difficult to make time observations 
correctly. It occurred to me, however, that these uncertain elements 
might be entirely eliminated in combining two similar voltameters in 
such a manner that the current of the same battery was divided between 
the two, the one branch comprising the unknown resistance tA bo 
measured, and the other a known and constant resistance. The volume 
of gas V‘ produced in this second voltameter, having a resistance R* 
in circuit, would bo expressed by 


- ^ 
~ IV 


and we should have the proportion of 

, _ ET .ET 

H R' 


or E and T, being the same in both cases, may be struck out, and the 
expression will assume the simple form 

V : V‘ = R‘ -h R. 

The constant lesistancc R of the one circuit being known, it follows 

RV 

that the unknown resistance R* is expressed, by ; that is to say, by 

a constant multiplied by the proportion of gas produced in the two 
voltameters irrespective of time, or strength of battery, or temperature, 
or tlie state of the barometer. 

The resistance R and R* arc composed each of two resistances, 
namely, that of the principal coils, which we may term R or R‘, and 
of the voltameter and leading wires, which is the same in both cases, 
and may be expressed by y. The expression should therefore be 
written as follows : 

V : V = R* + y' : R + y, 

IV being the unknown quantity. 

The mechanical arrangement of the instrument will be understood 
from the diagram, Fig, 4 ; and the whole arrangement of the pyro- 
meter, with its leading wire and resistance measurer, from the general 
view given in Fig. 5. The voltamotric resistance measurer consists of 
two calibrated vertical tubes of glass of about 3 millimetres diameter, 
which are fixed upon a scale showing arbitrary but equal divisions. 
The upper ends of the tubes are closed by small cushions of india- 
rubber pressed down upon the openings by means of weighted levers, 
whereas the lower portions of the tubes ore widened out and closed by 
plugs of wood, through which the electrodes in the form of pointed 
platinum wires penetrate to the depth of aboiit 25 millimetres into the 
widened portions of the tubes. By a side branch the widened portion 
of each vertical tube communicates by means of an india-rubber con- 
necting pipe to a little glass reservoir containing acidulated water, and 
supported in a vertical slide. In raising the weighted cushions closing 
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the upper ends of the vertical tubes, and in adjusting the position of 
the small reservoirs, the acidulated water will rise in botli tubes to the 

zero line of tho scale. In 


Fir, 4 



turning a button in front of 
the tubes tho battery current 
is passed through both pairs 
of electrodes, the onc' circuit 
comprising tho permanent ro- 
bi stance 11 and tho leading 
wires up to the pyrometer, 
and tho other tho leading 
wires and tho pyroinetc r coil. 
If tho resistance of tho pyro- 
meter coil should bo equal to 
tho permanent ro'^ist.ince K, 
tho It' y will bo equal to 
R y, and tliorcforo V = V, 
but as tho resistances dith.!*, 
so will tho voliinus. Neces- 
sary conditions aro : that both 
reservoirs aro filled with the 
same staiidaid solution of 
pure water with about 10 per 
cent, of Biilphuiic acid, that 
all tho electrodes aro of the 
samo form and size, and tliat 
their polarity is rQyerscd fre- 
quently during tho progress 



of each observation, in order to avoid unequal polarization. With theso 
precautions, which involve no particular skill or knowledge of elec- 
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trical observation on tbo part of the operator, very accurate results are 
obtained ; but in order not to incur considerable error of observation 
it is advisable to continue the current, reversing; the same say twice, 
until at least foi ty divisions of gases are produced in the least activated 
tube, whicli ojxjration will occupy from 2 to 3 minutes ; if a battery, 
of from 4 to 0 Daiiit ll elements is emidoyed. The volumes V and 
V’ being noted, aft(T liaving allowed half a minute for the gases to 
collect after the current has ccast‘d, the weighted cushions upon tho 
tubes are raised in order to allow the gast s to escape, when the water 
levels will immediately return to their zero position, to make ready 
for another observation. By inserting tho observed values for V and 
V into tho expression above given, the unknown resistance It* can bo 
easily calculat(‘<l ; but in order to facilitate tho use of tho instrument 
1 have preparetl a Tabic which gives at a glance the resistance due to 
any two observed volimies, tho volumes V governing the vortical, V‘ 
the horizontal columns, and tho resistance being read off at the point 
of intersection. At each point of intersection the resistance is marked 
in black, and the corresponding temperature in red ink. 

It now rem^ains only to be shown what is tho relation between tho 
resistance anM tompeiature in heating a jdatinuin wire. The researches 
of Dr. Matthiesen, vnIio has made tho latest investigations on tho 
effect of temporaturo upon electrical resistance, arc restricted to tho 
narrow range of temperatures between 0^ and 100'^ Centigrade, nor do 
they comprise platinum. He adopted tho following general expression 
for the pure metals : 



‘ ■ l + xt + yt^^ 

which, in determining the specific values of x and y for each metal, 
gives a close agreement with observation between the narrow limits 
indicated, but is wholly inapplicable for temperatures exceeding 
200 Centigrade, when the value commonccs to predominate and 
to produce absurd values for 

It was necessary for my purpose to undertake a series of elaborate 
experiments with a view of finding a ratio of general application. 
(k)ils of thin wire, of platinum, iron, copper, and some other metals, 
were gradually heated and cooled in metallic chambers containing the 
bulbs of mercury thermometers, and for higher temperatures of air 
thormoinctors, and tho electrical resistances wero carefully noted. 
Tho jirogrcssive incrcaso of electrical resistance was thus compared 
directly with the increasing volume of a permanent gas (carefully 
dried) betwoon tho limits of zero and 470^ Centigrade and a ratio 
established, which is represente<l by tho formula 

R, = a Ti + ^ T 4“ 

in which T signifies total temperature counting from the absolute zero, 
and (ifi and y s^HJoific coefficients for each metal. According to this 
formula tho electrical resistance is a constant at tho absolute zero, and 
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progresses in a ratio rcpiesented graphically by a tipped-up jiarabola, 
approaching more and more towaid a iinifoim latio at clovatal tempe- 
ratures. Although the comparison with the air thermometer could 
only be earned up to 470'^ Centigiadc, the goneial conoctness of tlio 
latio of incicasc just stated has been vciihtd by indiiect means in 
mcasuiing piogrcssivo heals, and by compaiison with the platinum 
ball pyiometd 

It lb important to mention hcie that gieat care must bo exercised 
in the selection of the platinum wiie for the measuiing spiial, plati- 
num uiio having been met with conducting only 4 7 times better than 
meicuiy at zmo, Cciitigiade, and others , conducting 8*2 times better 
than moiciiiy, although both sainjiles had been supplied by the same 
eminent makeis, Messrs Johnson and Mathcy The abnoimal elec- 
trical icsistauee of some platinum wiic is due chiefly to the admixture 
of indium 01 other metals of the <same gioup, and it appeals that tho 
pldtiuum picpartd by the old welding piocess is puiei and theieforo 
better suited for electiieal pui poses than the metal consolidated by 
fusion in a Deville fuinace. 

In conclusion, I sliall show’some woiking results of the pyrometer 
in mcasuiing by means of the same protected coil a mixture of ico and 
water, boiling water, molten lead, and tho fiie itself by which tho lead 
18 melted, the readings produced being 2° Centigrade, 98^ Centigrade, 
330"" Ccutigiade, and 800"^ Contigiado respectively The latter 
timpcraturo signified a cheny red heat, as may bo judgod by the 
appcdiance of the tube wlicn witlidiawn fiom tho fire The instru- 
ment which I ha\o had the honour to bring bifoie you this evening 
haa already received se\eial useful applications Through its first 
application an impoitaiit telcgiaph cable was Ra\cd fiom destruction 
through spontaneous generation of heat Prof. Bolzani, of Kasan, has 
made sonic interesting Applications of it foi recording tho tempera- 
ture at elevated points and at points below the earth’s surface 
Mr Lowthian Bell has used it in his well-known icsearehcs on blast- 
fuiuace economy, and at several non-works pyrometer tubes are 
lutioduced into the heating stoves, and ijerinaiiently connected with 
the office, where tlie heat of each stove can at all times bo read 
off and recoided These and other applications aie sufficiently self- 
evident, if the soundness of the principles upon whieh I rely is con- 
ceded , but I feel that the shortness of time at my command has hardly 
enabled me to do moic than to pass these in icview, while endeavour- 
ing to dcmonstiate the results obtaimd of k cording tho temperatures 
of distant 01 inaccessible places, including furnace temporatuies, 

|C. W.S| 



April 11), 1872. 

Sitt Fuedkrick Pollopk, Bait. M.A. Vicc-rr(‘si(lt'uf, in the Chair. 

A. Vernon IT vrcourt, Esq. F.li.S. See. Chom. Soc. 

Oa the Sulphurous Impurifi/ in Coal Gas. 

The liimiiions flames we nso to light onr houses after sunset arc all 
equally gas flames. 

The gas which burns round the wick of a candle is formed by the 
action of heat on the grease of which th(‘ candle is made The gas 
which burns over the wick of an oil lamp is formed by the action of 
heat on the v/ii. The gas which burns over a “gas-burner” is formed 
by the action of heat on coal. 

By the heating of any of these substances many diflTerent kinds of 
gas are produced, some of which become liquids if they are allowed to 
cool, while (►thers are permanently gaseous. In the case of candl(‘8 
and lamps, wdien the hot gas is burnt as fast as it is made, the uncon- 
densablo and the condensable arc burnt alike, the latter contributing 
oven more than the former to the luminosity of the flame. In the case 
of coal gas, which is kept for many hours, and has often to travel along 
many miles of iron piping Ik fore it is burnt, only very little condensable 
gas reaches the burner. In this respect “ gas ” illumination is at 
a great disadvantage as compared with candles or lamj).*?. To counter- 
balance this disadvantage gas must bo prixluced from some substance 
which is much cheaper than grease or oil, and such a substiiuce wc 
have in coal. But coal, like all minerals obtained on the large scale, 
is mixed with small quantities of other substances, and, in particular, 
masses of coal always contain a greater or less proportion of a mineral 
known, according to its form, ns pyrites or marcasito, composed of 
eight parts of sulphur united wdth seven of iron. When coal is. heated, 
a part of the sul 2 )hur from this mineral unites with the carbon and 
hydrogen of the coal, and thus the illuminating gas ft)rmcd from coal 
is contaminated with at least two sulphur compounds — carbon bi- 
sulphide and hydrogen sulphide. Such gas yields when it is l)urnt, 
in addition to water and carbon dioxide, sulphur dioxide produced by 
the burning of tho sulphur. This gas has a wcdl-kuown pungent 
smell; it acts on various colouring matters, and it is gradually changed 
in presence of air and moisture into a far more destructive substance 
called hydrogen sulphate or oil of vitriol. Unlike sulphur dioxide, 
which is a gas and can bo removed by ventilation, hydrogen sul 2 )hatc 
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is not volatile, and exorcises a continued corrosive action upon organic 
materials or fabrics on wliich it is deposited. In a furnished room 
the leather bindings of books and coverings of furniture are especially 
liable to bo injured thus; perhaps because this material, being a 
bettor conductor of heat than others which are used for the same 
purposes, is more bedewed after gas has been lighted in a room than 
they are, and also because it requires less often to bo cleaned or 
renewed. Fortunately the conversion of sulphur dioxide into hydrogen 
sulphate takes place so slowly that in a room lighted with gas and 
well ventilated a very small part of the sulphur which gas is liable to 
contain remains in this destructive form. Fortunately, also, the 
quantity of sulphur which gas as at present manufactured is liable to 
contain is very small. In a room lighted with four gas-burners the 
volume of sulphur dioxide mixed with the atmosphere of the room in 
the course of an hour is about one-hundredth of a cubic foot. The 
amount actually present at any moment, if the room is fairly venti- 
lated, is a small fraction of this volume. Nevertheless, it is possible, 
and even probable, that some injury, especially to the bindings of 
books, may in the course of years caused under these circumstances ; 
and it is desirable, with a view to avoiding any such injury, and also 
with a view to allaying the apprehension of it, that tlie proportion of 
sulphur compounds in coal gas should be reduced as far as 2 )ossiblo. 

A ton of coal may contain about 30 lbs. of sulphur : it yields 
nearly 10,000 cubic feet of gas, and a considerable part of the sulphur 
contained in it is given off with the gas in combination with either 
carbon or hydrogen. Of those two elements, hydrogen claims by far 
the larger proportion, not less than ten parts for one that is united 
with carbon. For the purification of gas from hydrogen sulphide 
excellent methods are everywhere in use. The gas is passed through 
layers of slaked lime or qf iron oxide, by either of which substances 
all the hydrogen sulphide is capable of being completely absorbed. 
But the smaller quantity of sulphur existing in the form of carbon 
bisulphide is not arrest^ by these agents, nor is there at present 
any material or process known by which it can bo effectually removed. 

When coal gas which is pure from hydrogen sulphide is heated 
and tested again, it is found to contain this impurity, showing that 
some ingredients of the gas arc capable of producing hydrogen 
sulphide by their mutual action. Hydrogen seems to have a much 
stronger affinity for sulphur than carbon has. One consequence of 
this difference is the unequal partition of the sulphur between tlio 
two elements in the gas retort. But this inequality does not reach 
its limit in the short time which elapses between the formation and 
cooling down of the gas ; an d accordingly, when foul gas (or gas 
which has not been purified from hydrogen sulphide) is further 
heated, theproportiolf of hydrogen sulphide in it is increased, and that 
of carbon bisulphide diminished. From a number of experiments 
in which foul gas was passed through an iron tube three inches in 
diameter, filled with iron turnings and heated for a length of about 
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two feet to low redness, it appeared that the amount of carbon 
bisulphide could bo so far reduced that the gas, after purification from 
hydrogen sulphide, contained five or six instead of thirty grains of 
sulphur in 100 cubic feet. The gas was driven through the heated 
tube at a rate of from one to two cubic feet a minute. 

A somewhat greater reduction in the amount of sulphur is obtained 
by heating the gas after, instead of before, purification and purifying it 
a second time. If it is the case, as seems probable, that the sulphur 
present in coal gas distributes itself when the gas is heated between 
the carbon and hydrogen in a ratio dependent upon the relative 
affinity for sulphur of the two elements, the proportion of carbon 
bisulphide to the total sulphur in the gas will bo always the same 
when the composition of the gas is the same, and when it has been 
heate<l long enough for the establishment of an equilibrium. Accord- 
ingly wo should expect the removal of sulphur, by the conversion of 
carbon bisuljihide into hydrogen sulphide and the absorption of the 
latter, to bo accomplished more effectually with gas from which the 
chief part of the sulphur had already been extracted. And this, as 
has already been stated, is found to bo the case. 

The nature of the chemical change which takes place when coal 
gas is heated may bo illustrated by passing hydrogen over the mouth 
of a tube containing carbon bisulphide, and thence through a piece 
of combustion tubing heated nearly to a red heat. The mixture of 
hydrogen and carbon bisulphide vapour has no action on a solution 
of lead acetate ; but, after the application of heat, the gas which 
issues produces at once a black precipitate, proving that hydrogen 
sulphide has been formed. This change occurs readily with hydrogen 
which has been carefully dried ; but the presence of moisture appears 
to promote it ; and as coal gas contains a quantity of aqueous vapour, 
much more than sufficient to react with the maximum amount of 
carbon bisulphide, it is possible that the formation of hydrogen 
sulphide when coal gas is heated, may be partly due to the interven- 
tion of moisture. 

If clean iron nails are heated to redness in a glass tube, and coal 
gas is passed slowly over them, a soft black carbonaceous deposit is 
formed, and the gas is deprived of a part of its carbon. If, however, 
the gas be passed through more rapidly, no such deposition takes 
place, although the time of contact of the gas with the heated surface 
is still sufficient to effect tlie conversion of the carbon bisulphide into 
hydrogen sulphide. In the latter case it may bo presumed that no 
change occurs in the illuminating power of the gas. But to establish 
a point which is of capital importance, some direct observations were 
made on the illuminating power of gas thus treated. It was found 
with gas passing at the rate of 5 cubic feet an hour through a half- 
inch iron tube, heated for a length of 12 inches, that, when the heat 
did not exceed low redness, no change was ol>8ervable. When the 
heat was raised to bright redness, there was a perceptible increase in 
the illuminating power. 
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If the process of heating coal gas, in order to remove the sulplmr 
contained in it, should be employed on the manufacturing scale, the 
rate of transmission of tho gas through the heating apparatus would 
necessarily bo such as to render any deposition of carbon very unlikely. 
But even where such deposition takes place, it is not necessarily accom- 
panied by a diminution of the illuminating power. 

An interesting experiment, from this point of view, is the decom- 
position of marsh gas by tho electric spark. When a stream of sparks 
from a Kuhmkorflf coil is transmitted between tho ends of platinum 
wires through a small quantity of marsh gas enclosed in a glass tube 
over mercury, the gas gradually expands. In about ten minutes it is 
nearly doubled, and at tho same time a black deposit appears on tho 
tube, in tho neighbourhood of tho wires. Hero tho intense heat 
applied has effected an almost complete decomposition of the hydro- 
carbon into its elements. But at the same time there is found a small 
quantity of some more condensed hydrocarbon, probably acetylene. 
On expelling the gas through a jet attached to the upper end of tho 
tube, and burning it, tho flame is seen to be much more luminous 
than that of marsh gas itself. Tho fact of which this experiment 
gives a striking illustration is that tho illuminating power of gas 
depends much more upon tho nature of the hydrocarbons it contains, 
than upon the total amount of carbon. How great would be tho gain 
to tho manufacturei's of coal gas, if such an operation as tliis were 
possible on the large scale, by which tho volume of gas is doubled 
and its illuminating power, at tho same time, greatly increased ! 

As flir as chemistry is concerned, tho simi)lo operation of heating 
gas appears to offer tho means of a sufficiently perfect 2)urification. 
The construction of a suitable system of iron pipes for heating tho 
gas, and tho best mode of obtaining and applying heat, is a jiroblem 
for the engineer. On the scale on which gas is manufactured, all tho 
apparatus for dealing with it must be of a magnitude to which it is diffi- 
cult to pass, even in imagination, from the small scale of laboratory 
experiments ; but, otherwise, tho problem does not appear to bo one 
of any peculiar difficulty. It may perhaps be found jiossiblc to emjdoy 
some of the waste heat of tho retort-house for this puri)osc, and tlius 
to effect tho required purification without much increasing the con- 
sumption of fuel. 

[A. V. H.| 



Friday, May 3, 1872. 

Sir Henry Holland, Bart. M.D. D.C.L. F.R.S. President, 
in tlio Chair. 

William Spottiswoode, Esq. LL.D. M.A. Treasurer R.S. and R.I. 

On Optical Phenomena produced by Crystals submitted to Circularly 
Polarized Light. 

On a former occasion I exhibited some phaenomena depending upon 
circular, or, as it was tlicn also called, successive, polarization, and in 
particular I adopUd and explained a method for producing circularly 
polarized light devised by Sir Charles Wheatstone. I propose on the 
present occasion to pursue the subject into some of its ulterior con- 
sequences. In terms of the w'ave theory, light is said to bo circularly 
polarized when the vibrations are circular, as distinguished from plane 
liolarization, when they are rectilinear. And further, it is known 
from mechanical principles that a circular vibration may always be pro- 
duced by the combination of two rectilinear vibrations, the amplitudes 
or extents of which are equal, and w^hereof one is in advance or in 
rear of the other by one or by any odd number of quarter-wave lengths. 
In the former of these cases the circular motion will take place in 
one direction, say right-handed ; in the latter in the opposite, say 
left-handed. The contrivance used for producing circular polarization 
this evening is known by the name of a “ quartor-undidation plate,” 
and consists of a plate of mica split to such a thickness that one of 
the two rays into which plane polarized light is divided on entering 
it is retarded by an oild number of quarter-wave lengths behind the 
other. 

The optical phronomcna produced by crystals when submitted to 
polarized light are usually divided into two classes, viz, (1) those 
arising from the use of parallel light, and consisting of broad sheets 
of colour ; and (2) those due to convergent light, and consisting of 
the rings and brushes, the general character of which is well known. 
I propose to take a few specimens from each class, and to examine 
the modifications w'hich the known phaenomena undergo when the light 
is both polarized and analyzed circularly, i.e. when one quarter- 
undulation plate is interposed between the polarizer (Nicors prism) 
and the crystal to bo examined, and the second between the crystal and 
the analyzer (Nicors prism). 
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In the first place, it is known that if a plate of selenite be placed 
in an ordinary apparatus when the polarizer and analyzer are either 
parallel or crossed, there are four positions at 90^ apart in which the 
plate will produce colour ; and further, that if the analyzer be turned 
through 90® the same result will bo obtained, except that the colour 
will be complementary to that first seen. Tlie intensity of the light 
at any given point is then given by the formula : 

0 

cos.* s — sin. 2 • Bin. 2 (* — s) sin.® - , 

where i and t are the angles made with the original plane of polar- 
ization by the princi|)al sections of the crystal and of the analyzer 
respectively, and 9 is the retardation. 

If, however, the two quarter-imdulation plates (say the plates A 
and B) be introduced, the light undergoes the following processes : — 
First, it is piano polarized by the polarizer ; secondly, the plate A 
being placed so that its axis is inclin^ at ± 45® to the original plane 
of polarization, the light undergoes right or left handed circular 
polarization, and in that condition falls upon the crystal ; thirdly, in 
their passage through the crystal C the rays are each divided into 
two, whose vibrations are at right angles to one another, and whereof 
one is retarded in proportion to the thickness of C; fourthly, the 
plate B being placed so that its axis is parallel or perpendicular to 
that of A, each of these sets of rays is circularly polarized, one set 
right-handed and the other left-handed ; fifthly, these two oppositely 
circularly polarized sets of rays combine, according to known me- 
chanical laws, on emerging from B into plane rays, in which thd^lanes of 
polarization of the different colours of the spectrum are turned through 
different angles. Hence • finally by turning the analyzer round we 
shall cross these various planes in turn and successively extinguish 
the different colours, leaving the complementary colours visible. The 
system of plates A C B consequently acts in this respect like quartz. 
It is, however, to be observed that if the plate B be turned from one 
of the two proposed positions to the other, the directions of motion 
in the two emergent circularly polarized rays, and consequently the 
planes of polarization of the different colours, will be reversed ; in 
other words, with the plate B in one position we shall imitate a right- 
handed, with the plate B in the other a left-handed, quartz. The 
intensity of tlic light at any point is then given by the formula : 

0 

Bin.* - for ono position, 

e 

^ COB.* 5 for the other. 
iS 

Again if, the plates A B retaining either of the positions before 
indicated, the crystal C be turned round in its own plane ; then, since 
the light emerging from A and 6 is circularly polarized, it has lost 



LIBRARY OF SCIENCE 


359 

ftll trace of direction with reference to the positions of the polarizer 
and analyzer, and consequently no change of tint will be observed. 
The same is abundantly clear from the formula written above, because 
the only term it contains depends upon the retardation within the 
crystal C. This experiment was made by Airy. 

If the plates A and B have their axes directed on either side 
of the axis of C, and the three plates be turned round as one piece, 
the colour will remain unchanged ; while, if the analyzer be turned, 
we have the colours shown in the regular order. If the plates A and 
B have their axes directed at 45° on the same side of the axis of C, 
and the pieces be turned round bodily as before the colours change 
in the same order as above, and go through their cycle once in every 
90° of rotation ; and if the analyzer be turned in the same direction, 
the colours change, but in the reverse order. The explanation of this 
is to be found in the fact that when the plates A and B are crossed, 
the retardation due by A is compensated by that due to B ; so that 
the only effective retardation is that duo to the crystal C. But upon 
tliis depends the rotation of the plane of polarization; if therefore 
the polarizer and analyzer remain fixed, the colour will remain 
unaltered. Wiien the plates A and B have their axes parallel, tlicrc 
is no compensation, and the colour wull consequently change. This 
experiment was made by Fresnel. The mathematical expressions for 
the intensity of the light in the two cases respectively are : 

008 .’ (.^ + * + 1 ) . and aos.’ - 1 ) > 

where i is the angle made by the principal sections of A with that 
of the polarizer, and j that of the principal section of B wu’tli tliat of 
the analyzer. The first expression is obviously unchanged when tlie 

angle between the polarizer and analyzer, viz, „ + * + j\ unchanged. 

A 

It should be added that the rotation of the plane of polarization, 
and consequently also the sequence of tints, docs not follow exactly 
the same law in the above cases as in quartz. 

Wo now come to the case of convergent light, that is, to the phte- 
nomena of crystal rings. And let us examine the effects produced 
by the same arrangement as before, viz, two quarter-undulation plates 
A, B, one in front and one behind the crystal C. To quote from 
Mr. Airy : — “ The first thing that strikes us in this combination is 
that there is nothing, except in the crystal, that has any respect to 
sides. For the only incident light is circularly polarized ; the only 
light allowed to emerge is circularly polarized. The appearance 
therefore of tlio coloured rings, &c., must bo such as conveys no trace 
of any piano of polarization, and must not vary as the crystal is turned 
round. In the common exhibition of the coloured rings the principal 
trace of the planes of polarization is in the uncolourcd brushes. In 
uniaxal crystals they form an eight-rayed star, composed of tw'o 
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square crosses, inclined at an angle equal to tliat between the planes 
of polarization, every ray of which separates complementary rings. 
In biaxal crystals they compose two pairs of rectangular hyperbolas, 
the angle between whoso asymptotes is the same as that between 
the planes of polarization, and whose branches divide complementary 
rings. The two crosses or two sots of hyperbolas unite when the 
planes of polarization are parallel or perpendicular. But in the case 
under consideration the rings exhibited by crystals will not be tra- 
versed by any brushes. Uniaxal crystals will exhibit circular rings 
without a cross ; and biaxal crystals will exhibit complete Icnmiscates, 
without any intevrupti<m from ciu*ved brushes.’* And it is further to 
be noticed, as tho formula given above indiciitcs, that the centres of 
the rings will be bright or dark according as tho analyzer stands at 
0° or 00\ 

To pursue this matter further. Suppose that, tho arrangements 
remaining otherwise as before, tho analyzer bo turned round ; then in 
any position intermediate to 0^ and 90^ tho rings will bo contracted 
and extended in opi^osite quadrants until at 45^ they aro divided by 
two diagonals, on each sido of which the colours aro complementary. 
Beyond 45*^ the rings begin to coalesce until at 90° the four quadrants 
coincide again. During this movement tho centre has changed from 
bright to dark. If tho motion of tho analyzer bo reversed, tho qua- 
drants which before contracted now expand, and vice versd. Again, if 
the crystal (say positive) be replaced by another (s^iy negative), tho 
clTcct on the quadrants of the rings will be reversed. This method of 
examination therefore affords a test of tho character, positive or 
negative, of a crystal. 

A similar process ap^dies to biaxal crystals ; but in this c'Sse tho 
diagonals interrupting tho rings arc replaced by a pair of rectangular 
hyperbolas, on cither side of which the rings expand or contract, and 
the effect is reversed either by reversing the motion of tho analyzer, 
or by replacing a positive by a negative crystal, or vice versd. Tho ex- 
periment may then bo mode in biaxal crystals by turning the analyzer 
slightly to the right or to tho loft, and observing whether tho rings 
advance towards, or recede from, one another in tho centre of the field. 
In particular, if polarizer and analyzer being parallel, tho plate A 
have its axis in a N.E. direction to a person looking through tho 
analyzer, tlio plate B its axis in a N.W. direction, and the crystal bo 
so placed that the lino joining the optic axes bo N.S., then on turning 
the analyzer to the right the rings will advance to one another if the 
crystal be negative, and recede if it bo positive. Tho mathematical 
expression for tho intensity of tho light at any point P is in this caso 

i (1 + Bin. 2J cos. 6 + sin. 2 0 cos. 2 j sin. 0), 

where h is the angle between tho principal section of C through P and 
the principal section of B, and j tho angle between tho principal sec- 
tions of B and the analyzer. This shows that when the polarizer and 
analyzer arc parallel or crossed at 0° or 90°, and consequently y = 45^ 
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or 136^ tho expression is independent of 6, t. e. the intensity is the 
same throughout circles about the centre, but that when the polarizer 
and analyzer are crossed we have an expression of the form 

i (1 ± Bin. 2 b sin. 6), 

the sign of tho second term depending upon tho direction in which 
the analyzer has been turned, and also upon tho sign of 0, that is, 
upon tho character (positive or negative) of the crystal. 

The dispersion of the planes of polarization effected by tho pas- 
sage of plane polarized light through a plate of quartz cut perpendi- 
cular to the axis may be rendered visible by interposing such a plate 
of quartz between the polarizer and a uniaxal or biaxal crystal, when 
the analyzer is at 90°, i. e. when dark brushes are formed. In this 
case tho brushes cease to be black and are tinged throughout with 
colour. Tho analyzer must, however, be turned back or forward, ac- 
cording as the quartz be right-handed or left-handed, in order that it 
may cross in succession tho planes of polarization of the different 
coloured rays, and so produce the most vivid effects. Tho dispersion 
of tho brushes by a plate of quartz may however bo studied by employ- 
ing an additional' polarizer and quartz plate between the source of 
light and the whole system previously used. By turning this polar- 
izer round we extinguish each ray of the spectrum in turn and tint 
tho whole field with the complementary colour. The brushes will 
then appear to revolve about their centres as the tints. vary conti- 
nuously from one end of the spectrum to tho other. If the polarizer be 
turned still farther round, the tints which had changed continuously 
from rod to violet, or vice versd, change suddenly from violet to red, 
or vice versd, and the brushes jump suddenly back to their original 
position. 

This last optical arrangement maybe employed to examine the 
more important phtenomena of the dispersion of the optic axes pro- 
duced, not by a quartz plate between the usual polarizer and crystal, 
but by certain biaxal crystals themselves. 

[W. 8.] 
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Fbofessob Odlino, F.R.S. 

On the History of Ozone. 

The most important points in the history of ozone are the following : 
1. Its recognition as a distinct variety of matter or substance, by 
Schonbein in 1840. II. An inquiry into its nature, made by Marignac 
in 1845, whereby it was established that the action of ozone on various 
substances results simply in their oxidation. III. The evidence of 
different kinds, accumulated by many observers during a period 
extending from 1845 to 18G3, that the matter of ozone is identical 
with the matter of oxygen. IV. The demonstration by Andrews and 
Tait in 1860, that ozone is a condensed form of oxygen. V. The 
recognition by Andrews and Tait in 1860, and interpretation by the 
speaker in 1861, of the singular fact that, in certain cases, the removal 
of its constituent ozone from a mixture of ozone and oxygen is un- 
attended by any alteration in the volume of the gas, notwithstanding 
the considerable oxidation effected by it. VI. The study of the 
quantitative reactions of 9 zone by Brodio in 1872 ; and his establish- 
ment of the relationship of ozone to ordinary oxygen, in corroboration 
of some less exact results obtained by Soret in 1865, as also of a sug- 
gestion made by the speaker in 1861. 


I. 

Ozone was discovered by Schonbein, in 1840, when experimenting 
with the then newly-invented battery of Sir Wm. Grove, — an instru- 
ment still recognized as yielding a current superior, in respect of joint 
quantity and intensity, to the current yielded by any other electro- 
motor available for general use. Ozone was recognized by Schonbein 
successively, as a minute constituent of the oxygen gas resulting from 
the electrolysis of water effected by a current of high tension ; as a 
minute constituent of air or oxygen through which electric discharges 
have taken place ; and as a minute constituent of air in which moist 
phosphorus has been undergoing slow oxidation. To Schonbein then 
IS due the great merit of recognizing ozone as a distinct form of 
matter, having an identity of its own by whatsoever means prepared — 
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as also the merit of discovering the most important means for the 
produotion of ozone, and of establishing its principal properties and 
reactions. 

The general properties of ozone are those of an active oxygenant. 
Thus, like chlorine and peroxide of nitrogen, it bleaches colouring 
matters, corrodes fabrics, tarnishes or otherwise attacks metals, and 
liberates iodine from iodide of potassium. Its special properties are 
its characteristic pungent odour, its destructibility by a moderate heat, 
and its non-manifestation of any acidulous reaction. 


II. 

The nature of ozone was at first the subject of much speculation, 
Schonbein inclining to the view that it was a new elementary body, and 
a component of nitrogen. But in 1845, Marignac, in a series of most 
exact experiments, made partly in association with Dc la Rive, brought 
the (question as to the nature of ozone within a very narrow compass. 
The experiments of these investigators, in which they established, 
among other points, that by exposure to the action of ozone, moist 
silver was couvcJf U>d simply into oxide of silver, and iodide of potassium 
into its oxidized form of iodate of potash, were susceptible only of one 
or other of two interpretations — either the interpretation which they 
themselves put on their results, that the matter of ozone is identical 
with the matter of oxygen — or, else the interpretation put on their 
results by Schonbein, that ozone is constituted of oxygen plus the 
elements of water, or in other words, that it is a peroxide of hydrogen. 
For a long time, experiment seemed quite incompetent to decide 
between these two views — opposite conclusions being arrived at almost 
alternately by the different investigators engaged on the inquiry. 
Corroboration, however, if any were needed, of the fact that ozone 
is really formed from oxygen itself with or without water, and not 
from any trace of nitrogen or other foreign matter that might possibly 
be present, was afforded by a remarkable experiment conducted by 
Fremy and Becquerel in 1853, being, indeed, the first recorded quan- 
titative experiment made with ozone. By passing a long scries of 
electric discharges through a given volume of oxygen standing over an 
aqueous solution of iodide of potassium, Messrs. Fremy and Becquerel 
succeeded in causing the whole of this oxygon to assume the form of 
ozone; as was shown by its ultimate complete absorption by the 
solution, with correlative liberation of iodine from the dissolved iodide 
of potassium. 

The difficulty experienced in those early days of making out the 
real nature of ozone — of ascertaining whether it is a form of oxygen 
or a peroxide of hydrogen — depended mainly on the very small degree 
to which it was then possible to charge air or oxygon with the ozone 
to be examined, and on the necessity for the exclusive employment in 
the investigation of apparatus in which neither metal nor organic 
matter was present for the ozone to react with. The apparatus had 
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consequently to be constructed entirely of glass, and all the junctions 
to be made before the blow-pipe or by grinding. Now-a-days, by 
improvements in the methods of conducting the processes of electriza- 
tion and electrolysis, it is possible to charge oxygen with ozone in very 
considerable proportion ; while by means of paraffin, a substance on 
which ozone is without recognizable action, junctions of the glass 
apparatus employed may bo made and unmade with the greatest 
facility. 

III. 

Assuming the ozone furnished by the three principal processes for 
its production to be one and the same substance, it was not until the 
year 1863 that the absolute freedom of ozone from any proportion of 
hydrogen was so definitely established as not to allow of any further 
question. In this year, Soret showed that although ozonized oxygen 
obtained by electrolysis, after having been desiccated as thoroughly as 
possible, frequently yielded some water as a product of its decompo- 
sition by heat, yet that when certain precautions were taken, and cer- 
tain sources of error in the production and collection of the electrolytic 
oxygen were recognized and avoided, a uniformly negative result was 
obtained, and not a trace of moisture or other compound of hydrogen 
resulted from the decomposition by heat of the ozone present in the 
oxygen. 

This conclusion of Soret’s was confirmatory both of the previous 
result of Andrews with regard also to electrolytically obtained ozone, 
and of the yet earlier result of Schonbein himself with regard to tlic 
ozone obtained by the slow oxidation of moist phosphorus. ^For in 
opposition to the view enunciated first by himself, and in seeming 
discrepancy with the undoubted fact that for the production of ozone 
by means of phosphorus the presence of moisture is essential, 
Schonbein, in 1849, showed by repeated experiment, that when ordi- 
nary air in quantities of several hundred litres, ozonized as strongly 
as possible by its passage over moist phosphorus, was transmitted first 
through a desiccating tube, then through a tube heated to 400^, so as 
to effect the destruction of the ozone present, and finally through 
another desiccating tube to absorb any moisture that might result 
from the destruction of the ozone, this last desiccating tube did 
not show, by an increase of weight or other change, any absorption of 
moisture whatever, notwithstanding the largeness of the absolute 
quantity of ozone destroyed in the experiment. From this time forth, 
Schonbein abandoned the notion of hydrogen being a constituent of 
ozone; and while making a valid distinction between his own view and 
that of Marignac and Do la Rive, admitted with them that the matter 
of ozone is identical^with the matter of oxygen. These last-named 
investigators, in their research already referred to (1845), showed that 
perfectly dry oxygen, submitted to the influence of electric discharges, 
experienced an alteration of character, whereby it acquired the pro- 
perty of liberating iodine from moist iodide of potassium, — a result 
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afterwards confirmed by Fremy and Becquerol. But they did not 
regard this alteration of cliaracter as due to the formation in small 
proportion of a new substance within the mass of oxygon, but rather 
to the assumj)tion by the mass of oxygen of a peculiar electric con- 
dition. Moreover, the fact of dry oxygen being capable of some 
modification by the action of electric discharges, coupled with the 
fact of the inability of the so modified oxygen to act upon iodide of 
potassium save in the presence of water, was not inconsistent with 
the notion of this modified oxygen having to unite with water in order 
to produce a compound identical with the ozone obtained immediately 
from moist or watery reagents. That the effect of electrical dis- 
charges, and more particularly of the silent discharge, on perfectly 
dry oxygon, is really to convert a small proportion of this oxygen 
into ozone identical with that furnished by electrolysis, and capable 
of acting upon certain substances, as mercury and iodine, when 
in the dry state, and on certain other substances, as iodide of potas- 
sium and metallic silver, only when in the moist state, was first put 
beyond question by Andrews and Tait, in a research next to bo 
considered. 

IV. 

In tlic spring of 1860, Dr. Andrews and Prof. Tait made a joint 
communication to tlic Iloyal Society on the volumetric relations of 
ozone. The primary object of this research was to ascertain whether 
any, and if so what, alteration of volume took place in the conversion 
of a given quantity of oxygen into ozone. They thus attacked the 
problem from an entirely new point of view, and, with admirably 
directed pains and skill, succeeded in making probably the most 
important contribution hitherto made to an exact knowledge of the 
nature of the ozone. In their experiments, a quantity of perfectly pure 
and dry oxygen, contained in a straight glass tube with a pressure- 
gauge appendix, was ozonized by means of the silent electric discharge 
passed through the gas for some time. Coincidcntly with the passage 
of the silent discharge through it, the quantity of gas contained in 
the glass tube was observed to undergo a marked contraction in 
volume. This contraction proceeded at first rapidly, but afterwards 
more slowly, till it attained a limit which, in one of their experiments, 
was estimated at oue-twolfth the original volume of the gas. And as 
whenever the gas, contracted in this manner, was examined, it was found 
to be pro])ortionately ozonic, the general fact was established that the 
production of ozone from ordinary oxygen is attended with a con- 
traction in volume. The converse result was also obtained. It was 
found that when oxygen, contracted by the passage of the electric 
discharge, was exposed for a short time to the ti mperature of 270' -300^, 
it was restored to its original volume. And as whenever the gas, 
re-cxi)andod in this manner, was examined, it was found to be free from 
ozone, the general fact was established that the conversion of ozone 
into ordinary oxygen is attended with an ex])an8ion in volume. And 
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this altomate contraction of a given quantity of oxygen by exposure 
to prolonged electrization, with production of ozone, and re-expansion 
of the gas to its original volume by exposure to a temporary heat, 
with destruction of ozone, could be repeated an indefinite number of 
times. Now the only possible conclusion to bo di-awn from these 
experiments would appear to be that, the matter of ozone being 
identical with the matter of oxygen, ozone is oxygon in a denser 
form, — that is to say, in the form of a more complex unit. Some years 
afterwards, this conclusion was confirmed in a very interesting manner 
by Professor Tyndall, in the case of ozone obtained electrolytically. 
He found that the absorptivity for radiant heat of electrolytically 
obtained oxygen, when rich in ozone, was upwards of a hundred times 
greater than that of ordinary oxygen — a result indicating ozone to have 
a more complex molecular constitution, and consequently a greater 
density, than ordinary oxygen. Moreover, after this same eloctro- 
lytically obtained and richly ozonic oxygen had been subjected to the 
action of heat, so as to have its ozonic character destroyed, it then 
exhibited merely the absorptivity for heat of ordinary oxygen, — the 
observed absorptivity not going at all beyond that of ordinary oxygen, 
as would have been the ease if the ozone originally present in the 
electrolytic gas had been decomposed into ordinary oxygen and 
aqueous vapour. 

Eeferring to the statement already mode, that in Messrs, Andrews 
and Tait’s experiments, the oxygen gas, more or less contracted by the 
electric discharge, was found to be proportionately ozonic, this point 
was ascertained in the following way : — A small thin glass bulb, 
containing a solution of iodide of potassium, was introduced into the 
oxygen-holding tube, prior to its being filled with the gas ; which, after 
having been more or less contracted by the process of electrization, 
was next submitted to the action of the solution, released on the 
breaking, eflFected by concussion, of the small bulb wherein it was 
contain^.' And on estimating the quantity of iodine set free from 
the iodide of potassium solution by its reaction with the contracted 
gas, it was found to be the exact chemical equivalent of a weight of 
oxygen equal in volume to the amount of contraction which the 
original gas had experienced during the process of electrization ; so 
that if in the process of electrization, there had been one, two, or 
three cubic centimetres of contraction, the quantity of iodine liberated 
was chemically equivalent to the weight of one, two, or three cubic 
centimetres of oxygen ; whence it results that to ascertain the iodine- 
titre of the ozonized gas is to learn the contraction of the original 
gas effected by its electrization, or the correlative expansion of the 
electrized gas effected by its exposure to heat. In the case also of 
electrolytically obtfliined ozonized oxygen, it was shown firstly by 
Andrews and Tait, and subsequently by Soret, that the iodine-titre of 
the gas is the measure of its expansion by heat, consequent cm the 
conversion of its constituent ozone into ordinary oxygon. 
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V. 

It has just been remarked that in the action of the contracted gas 
on iodide of potassium solution, there is absorbed by the reagent, with 
equivalent liberation of iodine, a weight of oxygen corresponding 
to a volume equal to that of the original contraction ; but very 
curiously, the absorption by the reagent of this weight of oxygen from 
the contracted gas was found by Messrs. Andrews and Tait not to 
produce any further contraction or alteration of its volume ; or the 
weight of oxygen which acted on the iodide of potassium solution 
appeared to occupy no part of the volume of the contracted gas, its 
removal from the contracted gas by means of the reagent not effecting 
any alteration in that volume. Since this remarkable result was first 
announced by Messrs. Andrews and Tait in 18 GO, it has been abun- 
dantly confirmed by von Babo and Claus, by Soret, and by Sir Ben- 
jamin Brodie — the modes of experimenting adopt^ in the original 
investigation of Andrews and Tait and in the three subsequent inves- 
tigations, being all different from one another. And moreover, not only 
has the fact been established by the four several investigations with 
regard to iodnlo-of potassium, but by one or other of the investigations 
with regard also to iodine, to mercurous salts, to ferrous salts, to 
arsenites, and to ferrocyanides. So that, when a given volume of 
ozonized oxygen is allowed to act upon these different oxidizable 
bodies, tlie oxidation effected by the ozone present in the gas is found 
to be unattended by any diminution in the volume of the gas. An 
interpretation of this singular result was put forward by the speaker 
soon after the publication of Messrs. Andrews and Tait’s experiments, 
to the following effect ; Ozone being proved to be a condensed form 
of oxygon, it is clear that any volume of ozone will contain a greater 
weight of the matter of oxygen than is contained in the same volume 
of ordinary oxygen. And sinco in the action of ozone upon iodide of 
potassium, the volume of the reacting gas does not undergo any alter- 
ation, it is obvious that the oxidation effected must be effected by only 
so much of the matter of oxygen contained in the volume of ozone, 
as is in excess of the matter of oxygen contained in the same volume 
of ordinary oxygon. This interpretation, so far os it went, was con- 
sidered to be demanded by Messrs. Andrews and Tait*s experiments, 
as the only satisfactory explanation of them. With regard to the 
weight of the matter of oxygen contained in a given volume of ozone, 
in excess of the weight of the matter of oxygen contained in the same 
volume of ordinary oxygen, no data whatever existed to show what 
this weight really is. But relying upon the fact that the weight of 
oxygon contained in a standard volume of free oxygen is composed of 
two simple weights of the matter of oxygen, it was conjectured that the 
weight of oxygen contained in a standard volume of ozone might not 
improbably be constituted by an introduction into the standard volume 
of ordinary oxygon of another simple weight of oxygon — equal volumes 
of ozone, free oxygen, and nitric oxide, for example, being expressible 
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by the comparable formula) Og, and NO respectively. In accordance 
with this supposition, the action of ozonized gas upon iodide of potas- 
sium, &c., is explicable as follows : — The ozone which acts is decom- 
posed into a weight of free oxygen equal in volume to the volume of 
the ozone, and into another weight of absorbed oxygen, assumed to be 
one-half of the former weight. The suggestion as to the standard 
volume of ozone being constituted thus of throe simple weights of 
the matter of oxygen, was admittedly not a necessary deduction from 
the then known facts, which were indeed equally consistent with its 
being constituted of four, five, or six such Heights; it was only the 
suggestion of the simplest possible constitution for ozone that was 
consistent with the facts. 

A few years afterwards, in 18C5-GG, the probability of this lx)ing 
the real constitution of ozone was much strengthened by the results 
of some experiments conducted by Soret. Operating by a process very 
simple and ingenious, but scarcely calculated to afford precise results, 
Soret found that when clectrolytically obtained ozonized oxygen was 
allowed to act upon oil of turpentine, the absorj)tion of the ozone by 
the turpentine was attended by a diminution in tht‘ volume of tlio gas 
equal approximatively to twice the initial contraction, — as inferred, of 
course, from the iodine-titre of the ozonized gas, or from its i)er- 
manent expansion after cxiK)6ure to a temporary heat. Sui)posing the 
final diminution effected by the turpentine to have been exactly twice 
the initial contraction, inferred from the iodine-titre, it is clear, that 
while the original gas would have suffered altogether a diminution of 
three volumes, the ozonized gas would have suffered a diminution of 
only two volumes. Or there would have bccu ultimately abstracted 
from tlie original uncouti-acted gas three volumes of tho^iattcr of 
oxygen, occupying in the contracted or ozonized gas, submitted to the 
action of the turpentiDC, only the hulk of two volumes. 13ut as a 
mean result of Soret’s first set of five experiments, the final diminution 
effected by the turpentine was 2 • 40 times the original contraction ; 
while, as a mean result of his second set of seven experiments, the 
final diminution was 1’81 times the original contraction. Assuming, 
however, ozone to have the constitution expressed by the symbol 0„ 
its specific gravity, and consequently its diffusion- velocity, would 
approximate closely to the specific gravity and diffusion-velocity of car- 
bonic acid gas, CO^; and in 1867, Soret, in corroboration of liis pre- 
vious absorption results, satisfied himself that the dillusion-veloeity 
of ozone really does approximate very closely to that of carbonic acid. 


VI. 

During the las^ few years, the quantitative reactions of ozoto have 
been made the subject of an clal)oratc study by Sir Ileiijamin Brodio, 
whose results constitute indeed a body of exact information 06 to the 
chemical j)roi>erfcies of ozone, tlu-ough which it may ho hoi)cd that 
this important question will be finally removed from the domain of 
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arbitrary speculation and brought within tho precincts of science.” 
In Brodio’s experiments, a quantity of pure perfectly dry oxygon, after 
having been submitted to electrization by its passage through a 
modified form of Siemens* induction tube, carefully maintained at 
a low temperature, was collected in an oil of vitriol gas-holder, to the 
amount of four or five thousand cubic centimetres. From the store 
of ozonized gas thus collected, which was found to maintain its pro- 
portion of ozono without appreciable deterioration for some hours, 
portion after portion was allowed to pass into a pipette of about 
250 c.c. capacity, by displacement of the oil of vitriol originally 
filling it ; and successive equal volumes of tho store of ozonized gas 
so measured off, were submitted one after another to the action of the 
same or of different reagents, by tho passage of each pipetteful of gas 
through a small bulb-tube containing the reagent in solution. Tho 
gas, fre(‘d from all ozone by its passage through the reagent, was next 
received into a mercurial measuring cylinder, in which it was ex- 
panded to a definite volume ; and then, by reading off the pressure at 
which it occupied this volume, its proper volume was ascertained. 
Finally, tho difference between the capacity of the pipette and the 
volume obtained in tho mercurial cylinder showed the volume of 
the gas absorbed by tho reagent, — the weight of this gas being 
determined directly or indirectly by titrations of the reagent. Of 
course, very many points of detail in the construction and use of 
the apparatus had to be attended to, in order to ensure trustworthy 
results ; but, both in its principle and general working, the process is 
exceedingly simple. One essential novelty consists in the application 
of that very useful instrument, the piiKJtto, to tho purposes of gas 
analysis; and by its aid, results having a degree of accuracy far 
greater than those furnished by any previous method of ozone investi- 
gation, were found to bo obtainable with both speed and facility. 

Operating, then, with tho apparatus just described, Brodie has 
succeeded in establishing throe perfectly definite classes of ozone- 
reactions, — the first of them including tho instances previously made 
known by Andrews and Tait. In this first class of reactions, of 
which there are several distinct varieties, tho absorption o^ decom- 
position of tho ozone present in a mixture of ozono and oxygen, is 
unattended by any diminution in tho volume of the gas ; or a volume 
of ozone 0® "*■', is resolved into an equal volume of free oxygen, and an 
indefinite weight of other oxygen, either absorbed or set free. This 
class of reactions accordingly does not afford any information as to 
the value of x, or, in other words, as to tho relationship of tho 
formula 0® + ' to the formula 0®. 

UnlMolumes 

O* + = O® -f a: 0 abaorKd. 

In a second class of reactions, tho absorption or decomposition of 
the ozone present in a mixture of ozono and oxygen, is attended with 
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a diminution in the volume of tho gas, equal to half the volume that 
the weight of oxygen absorbed would occupy in the free state. In 
this class of reactions, then, one of but two occurrences must happen : 
either the ozone present in the mixture of gases, is absorbed wholly 
without decomposition, in which case the density of ozone must bo 
twice that of ordinary oxygen, and the formula become 0^; or 

the ozone present in tho mixture, is decomposed into half its volume 
of oxygen liberated, and into a quantity of oxygen, corresponding 
to its entire volume, absorbed ; in which case the density of ozone 
must be one-and-a-half that of ordinary oxygen, and the formula 
0^ + ' become 0^. 

Unlt-volumop. 

0^ + ' = nil + 4 O) . , , 

2 (O’ + *) = O’ + 4 0/ 

In a third class of reactions, tho absorption or decomposition of 
the ozone present in a mixture of ozone and oxygen, is attcnd(‘d with 
a diminution in volume of the gas, equal to two-thirds tho volume 
that the weight of oxygen absorbed would occupy in the free state ; or 
the weight of the gas absorbed is to tho weight of an equal volume 
of oxygon as 3 to 2 But consistently with this class of reactions, 
tho density of ozone must necessarily be one-and-a-half times that of 
ordinary oxygen, and tho formula 0* + * must become 0®. 

Unit- volumes 

(b* + = nil + 3 0. 

This last and most important class of reactions, by ii^hich tho 
formula of ozone as O^, is put beyond question, was established by 
a long series of experipicnts, made chiefly with a neutral or but 
slightly alkaline solution of hyposulphite of soda, and in a few 
cases with oil of turpentine. As a result, tho ratio of tho entire 
diminution in volume suffered by the original oxygen, to tho dimi- 
nution in volume of the electrized or contracted oxygen effected by 
the reagent, was found to be, as a mean of twenty-seven concordant 
experiments made with the hyposulphite, 3*02 to 2 02; and as a 
mean of eight concordant experiments made with the turpentine, 
also as 3*02 to 2 * 02. But neither wdtli tho hyposulphite nor with tho 
turpentine, could tho wxdght of oxygen absorbed by tho reagent bo 
determined, otherwise than by a calculation from tho alteration in 
volume of tho gas. A direct determination, however, was effected in 
the case of a few experiments made with protochloride of tin, under 
conditions carefully considered and regulated so as to entire a 
trustworthy result. And it was found, in these few experiments, that 
the weight of the matter of oxygen absorbed from the ozonized gas by 
the tin-salt, was almost exactly three times the weight of tho ^flatter 
of oxygen absorbed from tho same gas by iodide of potassium, — tho 
volume occupied by the weight of oxygon absorbed by tho tin-salt 
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being almost exactly twice tlio volume proper to the weight of oxygen 
absorbed by the iodide of potassium. 

Independently of the importance attaching to the actual deter- 
mination of the density of ozone, Sir B. Brodie’s result has a further 
interest for chemists, which it would be difficult to exaggerate. The 
principal of the elementary bodies, known to chemists in the gaseous 
or vaporous state, are hydrogen, chlorine and its congeners, oxygen, 
sulphur, nitrogen, phosphorus, arsenic, mercury, and cadmium. Now 
it is a fact that the weight of phosphorus or arsenic contained in any 
volume of phosphorus or arsenic vapour, is four times the weight 
of phosphorus or arsenic contained in the same volume of phos- 
phoretted or arsenetted hydrogen, and of a host of other phos- 
phoretted or arsenetted gases or vapours. It is also a fact that the 
weight of hydrogen, chlorine, oxygen, or nitrogen contained in any 
volume of each of these elementary gases, is twice the weight of 
hydrogen, chlorine, oxygen, or nitrogen contained in the same volume 
of a variety of hydrogenous, chlorinous, oxygenous, or nitrogenous 
compound gases. It is also a fact that the weight of mercury or 
cadmium coutalui d in any volume of the vapour of either element, 
is identical with the weight of tho element contained in the same 
volume of tho vapour of all its hitherto examined volatile com- 
pounds. But now a variety of oxygen is shown to exist, the weight 
of any given volume of which is three times the w’eight of oxygen 
contained in the same volume of tho simplest^of oxygenous compounds 
respectively, thus ; — 

Unit-volumrs. 

V, o; 

PCI 3 CO NO HgCl,. 

The question, then, naturally arises, how long will it be before another 
variety of oxygen is recognized, tho weiglit of any given volume 
of which, like that of a given volume of phosphorus vapour, shall 
furnish Uio weight of the clement contained in four such volumes 
of its several simplest compounds ? And again, how long will it be 
before yet another variety of oxygen is recognized, tho weight of any 
given volume of which, like that of any given volume of mercury 
vapour, shall furnish but the weight of the element contained in tho 
Bamo volume of its several simplest compounds ? There is the strongest 
indirect reason for believing in the existence of such a unitary oxygen. 
For in its reactions, oxygen behaves as a sort of more active electro- 
negative counterpart of electro-positive mercury Hg ; and like mercury 
Hg, and unlike hydrogen and chlorine CI 2 , it enjoys tho property 
of adding itself to a pre-formod unit of substance by an indivisible 
proportion. 

[W. 0.1 



Friday, February 21, 1873. 

Sir Henry Holland, Bart. M.D, D.C.L. F.R.S. President, 
in the Chair. 

Professor J. Clerk Maxwell, M.A. F.R.S. 

On Action at a Distance, 

I HAVE no new discovery to bring before you this evening. I must 
ask you to go over very old ground, and to turn your attention to a 
question which has been raised again and again ever since men began 
to think. 

The question is that of the transmission of force. We sec that 
two bodies at a distance from each other exert a mutual influence on 
each other's motion. Does this mutual action depend on the existence 
of some third thing, some medium of communication, occupying the 
space between the bodies, or do the bodies act on each other iinino- 
diately, without the intervention of anything else ? 

Tlie mode in which Faraday was accustomed to look at phenomena 
of this kind differs from that adopted by many other modern inquirers, 
and my special aim will be to enable you to place yourselves at Fara- 
day s point of view, and to point out the scientific value of that con- 
ception of lines of force winch, in his hands, became the key to the 
science of electricity. 

When w'e observe one body acting on another at a distance, before 
we assume that this action is direct and immediate, we generally 
inquire whether there is any material connection between the two 
bodies ; and if we find strings, or rods, or mechanism of any kind, 
capable of accounting for the observed action between the bodies, we 
prefer to explain the action by means of these intermediate connections, 
rather than to admit the notion of direct action at a distance. 

Thus, when we ring a bell by means of a wire, the successive parts 
of the wire are first tightened and then moved, till at last tlie bell is 
rung at a distance by a process in which all the intermediate particles 
of the wire have takej;> part one after the other. Wo may ring a bell 
at a distance in other ways, as by forcing air into a long tube, at the 
other end of which is a cylinder with a piston which is made to fly 
out and strike the bell. Wo may also use a wire ; but instead of 
pulling it, wo may connect it at one end with a voltaic battery, and 
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at the other with an clcctro-magnct, and thus ring the bell by elec- 
tricity. 

Here are three different ways of ringing a bell. They all agree, how- 
ever, in the circumstance that between the ringer and the bell there is 
an unbroken lino of communication, and that at every point of this line 
some ])hysical process goes on by which the action is transmitted 
from one end to tlic other. The process of transmission is not instan- 
taneous, but gradual ; so that there is an interval of time after the 
impulse has been given to one extremity of the lino of communi- 
cation, during which tlio impulse is on its way, but has not reached 
the otlier end. 

It is clear, thoroforo, that in many cases the action between bodies 
at a distance may be accounted for by a series of actions between each 
successive pair of a scries of bodies which occupy the intermediate 
R[)a(;c ; and it is asked, by the advocates of mediate action, whether, in 
those cases in which we cannot perceive the intermjdiate agency, it is 
not more philosopliical to admit the existence of a medium which wo 
cannot at present perceive, than to assert that a body can act at a place 
where it is not. 

To a perv^'fi ‘georant of the proijcrties of air, the transmission of 
force by means of that invisible medium would appear as unaccount- 
able as any otlicr example of action at a distance, and yet in this case 
\VQ can explain the whole process, and determine the rate at which the 
action is passed (»n from one portion to another of the medium. 

"Why then should we not admit that the familiar mode of commu- 
nicating motion by pushing and pulling with our hands is the typo 
and oxc^mplification of all action between bodies, even in cases in which 
W'c can observe nothing between the bodies which appears to take part 
in the action? 

Here for instance is a kind of attraction with which Professor Guthrie 
has made us familiar. A disk is set in vibration, and is then brought 
near a light suspended body, which immediately begins to move 
towards the disk, as if drawn towards it by an invisible cord. What 
is this cord ? Sir W. Thomson has pointed out that in a moving fluid 
the pressure is least whore the velocity is greatest. The velocity of 
the vibratory motion of the air is greatest nearest the disk. Hence the 
pressure of the air on the suspended body is less on the side nearest 
the disk tlian on the opposite side, the body yields to the greater 
pressure, and moves toward the disk. 

The disk, therefore, does not act where it is not. It sets the air 
next it in motion by pushing it, this motion is communicated to more 
and more distant portions of the air in turn, and thus the pressures on 
opposite sides of the suspended body are rendered unequal, and it 
moves towards the disk in consequence of the excess of pressure. The 
force is therefore a force of the old school — a case of vis a iergo — a 
shove from behind. 

The advocates of the doctrine of action at a distance, however, 
liavo not been put to silence by such arguments. What right, say 
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they, have we to assert that a body cannot act where it is not ? Do 
we not see an instance of action at a distance in the case of a magnet, 
which acts on another magnet not only at a distance, but with tho 
most complete indifference to the nature of the matter wliich occupies 
the intervening space? If the action depends on something occupying 
the space between the two magnets, it cannot surely be a matter of 
indifference whether this space is filled with air or not, or w^hether 
wood, glass, or copper, be placed betw( on the magnets. 

Besides this, Newton’s law of gravitation, which every astronomical 
observation only tends to establish more firmly, asserts not only that 
the heavenly bodies act on one another across immense intervals of 
space, but that two portions of matter, tho one buried a thousand mih s 
deep in tho interior of tho earth, and the other a hundred thousand 
miles deep in the body of the sun, act on one another with precisely 
the same force as if the strata beneath which each is buried had been 
non-existent. If any medium takes part in transmitting this action, 
it must surely make some difference whether the space between the 
bodies contains nothing but this medium, or whether it is occupied by 
the dense matter of the earth or of tho sun. 

But the advocates of direct action at a distance arc not content 
with instances of this kind, in which the phenomena, even at first 
sight, appear to favour their doctrine. They push their operations 
into the enemy’s camp, and maintain that even when the action is 
apparently the pressure of contiguous portions of matter, the con- 
tiguity is only apparent — that a space always intervenes Ixjtwccn tho 
b^ies which act on each other. They assert, in short, that so far from 
action at a distance being impossible, it is tho only kind of action which 
ever occurs, and that the favourite old vis n tergo of tho schools has no 
existence in nature, and exists only in the imagination of schoolmen. 

The best way to prove, that when one body pushes another it docs 
not touch it, is to measure the distance between them. Here are two 
glass lenses', one of which is pressed against the other by means of a 
weight. By means of the electric light wo may obtain on tho screen 
an image of the place where the one lens presses against the other. A 
series of coloured rings is formed on tho screen. These rings were 
first observed and first explained by Newton. Tho particular colour 
of any ring dejpends on the distance between the surfaces of the pieces 
of glass. Newton formed a table of tho colours corresponding to 
different distances, so that by comparing the colour of any ring with 
Newton’s table, we may ascertain tho distance between the surfaces 
at that ring. The colours are arranged in rings because the surfaces 
are spherical, and therefore tho interval between tho surfaces depends 
on the distance from the line joining the centres of tho spheres. Tho 
central spot of the rings indicates the place where the lensei are 
nearest together, and ^each successive ring corresponds to an increase 
of about tho 4000th part of a millimetre in the distance of the 
surfaces. 

The lenses are now pressed together with a force equal to the 
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weight of an ounce ; but there is still a measurable interval between 
them, even at the place whore they arc noai’ost together. They arc 
not in optical contact. To ])rovo this, I a])ply a greater weight. A 
new colour appears at the central spot, and tlie diaincders of all tho 
rings increase. This shows that tlu^ surfaces are now iK'arcr than at 
first, but they arc not y(‘t in optical contact, for if th(‘y were, tho 
central spot would be black. I therefore incrc‘ast5 tlie weights, so as 
to press the lenses into optical contact. 

But what wo call o])tical contact is not real contact. Optical 
contact indicates only that tlio disbince btdAcon tbe surfaces is much 
less than a A\ave-length of light. To show that the surfaces an' not 
in real contact, I n'inovo the weights. The rings contract, and several 
of them vanish at tho centre. Now it is possible to bring two pieces 
of glass so close togetluT, that th(‘y will not tend to separate at all, 
but adhere together so firmly, that w^hen torn asundt'r tbe glass will 
break, not at the surface of contact, but at some other place. The 
glasses must then bo many degrees nearer than wdien in mere optical 
contact. 

Thus we have shown that bodies begin to press against (‘ach other 
whilst still at o measurable distance, and that even when pressed 
together with groat force they are not in a])soluto contact, but may bo 
brouglit nearer still, and that by many d(‘grees. 

Why, then, say the advocates of direct action, should wt continno 
to maintain the doctrine, founded only on the rough experience of a pre- 
sciontific age, that matter cannot act where it is not, instead of admit- 
ting that all the facts from which our ancestors concluded that contact 
is essential to action were in reality cases of action at a distance, tho 
distance being too small to bo measured by their imi^erfect means of 
observation? 

If we are ever to discover the laws of nature, wo must do so by 
obtaining the most accurate acquaintance with the facts of nature, and 
not by dressing up in philosophical language the loose opinions of 
men who had no knowledge of the facts which throw most light on 
these law^s. And os for those who introduce fctherial, or other media, 
to account for these actions, w ithout any direct evidence of the existence 
of such media, or any clear understanding of how tho media do their 
work, and who fill all space three and four times over with tethers of 
different sorts, why tho less these men talk about their philosophical 
scruples about admitting action at a distance tho better. 

If tho progress of science wore regulated by Newton's first law of 
motion, it would bo easy to cultivate opinions in advance of the age. 
Wo should only have to compare the science of to-day wdth that of 
fifty years ago ; and by producing, in tho geometrical sense, the lino of 
progress, we should obtain tho science of fifty years hence. 

The progress of science in New'ton’s time consisted in getting rid 
of the celestial machinery with which generations of astronomers had 
encumbered the heavens, and thus “ sweeping cobwebs off the sky.’* 

Though the planets had already got rid of their crystal spheres, 
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they wore still swimming in the vortices of Descartes. Magnets were 
surrounded by effluvia, and electrified bodies by atmospheres, the pret- 
perties of which resembled in no respect those of ordinary effluvia 
and atmospheres. 

When Newton demonstrated that the force which acts on cacJi of 
the heavenly bodies depends on its relative position with respect to 
the other bodies, the new theory mot with violent opposition from the 
advanced philosophers of the day, who described the doctrine of gravi- 
tation as a return to the exploded method of explaining everything by 
occult causes, attractive virtues, and the like. 

Newton himself, with that wise moderation which is characteristic 
of all his speculations, answered that he made no pretence of explain- 
ing the mechanism by which the heavenly bodies act on each other. 
To determine the mode in which their mutual action depends on their 
relative position was a great step in science, and tliis step Newton 
asserted that he had made. To explain the process by which this 
action is effected was a quite distinct step, and this step Newton, in 
bis ‘ Frincipia,’ does not attempt to make. 

But so far was Newton from asserting that bodies really do act on 
one another at a distance, independently of anything between them, 
that in a letter to Bentley, which has been quoted by Faraday in tliis 
place, ho says : — 

“It ir inconceivable that inanimate brute matter should, without 
the mediation of something else, which is not material, operate upon 
and affect other matter without mutual contact, as it must do if gravi- 
tation, in the sense of Epicurus, be essential and inlicrent in it. . . . 
That gravity should bo innate, inherent, and essential to matter, so 
that one body can act upon another at a distunco, through a vacuum, 
without the mediation of anything else, by and through 'Which their 
action and force may bo conveyed from one to another, is to me so 
great an absurdity, that I believe no man who has in ] liilosophical 
matters a competent faculty of thinking can ever fall into it.’* 

Accordingly, we find in his ‘ Optical Queries,* and in his letters 
to Boyle, that Newton had very early made the atteinj)t to account for 
gravitation by means of the pressure of a medium, and that the reason 
he did not publish these investigations “ proceeded fi om hence only, 
that he found he was not able, from experiment and observation, to 
give a satisfactory account of this medium, and the manner of its 
operation in producing the chief phenomena of nature.”* 

The doctrine of direct action at a distance cannot claim for its 
author the discoverer of universal gravitation. It was first asserted 
by Roger Cotes, in his preface to the ‘ Principia,’ which he edited 
during Newton’s life. According to Cotes, it is by experience that we 
learn that all bodies gravitate. We do not learn in any other way 
that they are extended, movable, or solid. Gravitation, therefore, 
has as much right to be considered an essential property of iilatter as 
extension, mobility, or impenetrability. 

♦ Maclaurin's Account of Newton s Discoveriee. 
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And when the Newtonian philosopliy gained ground in Eiiroi^o, 
it was the opinion of Cotes leather tliaii that of Newton that heeanio 
most prevalent, till at last Boscovieh proj)oimde(l liis theory, that 
matter is a congeries of naithematical points, each endowed with tlio 
power of attracting or repelling tlio othcjrs according to lixed laws. 
In his world, matter is unextended, and contact is ini))ossiblo. Ih; did 
not forgot, however, to endow his mathematical points witli inertia. 
In this somc^ of tlie modern representatives of his scliool have thoiiglit 
that ho “ had not quite got so far as thci strict mo<lern view of 
‘matter’ as being but an expression for inodes or manifestations of 
‘ force.’ ” * 

But if we leave out of account for the present tlui dev(;loj)nient of 
the ideas of science, and confine! our attention to tlie e.\t( nsion of its 
boundaries, wo shall S('(i that it was most essential that Newton’s 
method should bo extendiid to every branch of scieiiei! to which it was 
aiiplicable — that we should investigab; the forces witli wliicli bodies 
act on each other in the lirst plaet‘, b<‘fore att(‘m[)t!ng to explain hon) 
that force is transmitted. No men (‘onld be licttcr fitted to a])ply 
themse lves exedusively to tlie iir^t part of tlie problem, tlian those who 
consiih'i'ed tlie second part quite iinne<‘( •.'-sarv. 

Acci»rdinglj(^ Ca'ej:disli, C^oulomb, and Poisson, tlie fuiimh'rs of the 
exact scimices of elcctricdty ami magnetisin, ]>aid no regard to those 
old notions of “ magnetic eftluvia ” and ebn-trie atmospheres,” which 
had Ixjen put forth in the previous century, but turmnl their undivided 
attention to tlio dclerminatioii of tluj law of fon'c, according to wbieli 
eleetritied and magiu'tiziul bodies attract or rejicl each otlnu’. In this 
way the true laws of these actions were diseovm-ed, and this was done 
by men who never doubted that the action toolc ]>laee at a distance, 
without the inbjrv^ontion of any medium, aiil who would have ri'g.irded 
the discovery of such a medium as conqdieating rather than as 
explaining the undoubt(*d phenomena of atti-iietion. 

Wo have now airived at the great discovery by Oi’sted of the 
connection between electricity and magnetism, (irsted found tliat an 
electric current acts on a magmitie })ob‘, but that it neither attracts 
it nor roiiels it, but causis it to move round the mirrcnt. lie ex- 
pressed this by saying that “ the electric contliet acts in a rt.v^olving 
manner.” 

The most obvious deduction from ibis now fact was that the 
notion of the current on the magnet is not a pnsh-aiid-pull force, but 
a rotatory fortre, and acimrdingly many minds were set a-s[X'eulatiiig 
on vortices and streams of aether whirling round the current. 

But Ampere, by a combination of mailiematical skill with I'xperi- 
mental ingenuity, lirst proved that two electric curriuits act on ono 
another, and then analysed this action into the n^sultaut of a system 
of push-aud-pull forces between tlio olomentary parts of these 
currents. 


Review of Mrs. Somerville, ‘Saturday Review,’ Fch. i:>, ls60. 


HS- Vol 2 N 



UBRARY OF SCIENCE 


378 

The formula of Ampere, however, is of oxtromo complexity, as 
compared with Newton's law of gravitation, and many attempts have 
been made to resolve it into something of greater apparent simplicity. 

I have no ^vish to load you into a discussion of any of these 
attempts to improve a mathematical formula. Let us turn to the 
independent method of investigation employed by Faraday in those 
researches in electricity and magnetism which have made this Institu- 
tion one of the most venerable shrines of science. 

No man ever more conscientiously and systematically laboured to 
improve all his powers of mind than did Faraday from the very 
beginning of his scientific career. But whereas the general course of 
scientific method then consisted in the ap^dication of tho ideas of 
mathematics and astronomy to each new investigation in turn, Faraday 
seems to have had no opportunity of acquiring a technical knowledge 
of mathematics, and his knowledge of astronomy was mainly derived 
from books. 

Hence, though he had a profound respect for the great discovery 
of Newton, ho regarded the attraction of gravitation as a sort of 
sacred mystery, which, as ho was not an astronomer, ho had no right 
to gainsay or to doubt, his duty being to believe it in tlie exact form 
in which it was delivered to him. Such a dead faith was not likely to 
lead him to explain now phenomena by means of direct attractions. 

Besidi's this, the treatises of Poisson and AmpiTc are of so techni- 
cal a form, that to derive any assistance from them the student must 
bave \>ecn. tborougbly trained in mathematics, and it is very doubtful 
if such a training can bo begun with advantage in mature years. 

Thus Faraday, with his penetrating intellect, his devr)tion to 
science, and his opportunities for experiments, was dehggTi'd from 
following tho course of thouglit which liad led to the achievements of 
the French philosophers, and was obliged to explain the plieiioniena to 
himself by means of a 'symbolism wliich he could understand, instead 
of adopting what had hitherto been tho only tongue of the h ariu d. 

This new symbolism consisted of those lines of force exte nding 
themselves in every direction from electrified and magnetic bodies, 
which Faraday in his mind’s eye saw as distinctly as the solid bodies 
from which they emanated. 

Tho idea of lines of force and their exhibition by means of iron 
filings was nothing new. They had been observed repeatedly, and 
investigated mathematically as an interesting curiosity of science. 
But let us hear Faraday liiniself, as he introduces to his reader tho 
method which in his hands became so powerful.* 

“ It would bo a voluntary and unnecessary abandonment of most 
valuable aid if an experimentalist, who chooses to consider magnetic 
power as represented by lines of magnetic force, were to deny himself 
the use of iron filings. By their employment he may make many 
conditions of the power, even in comi>lieated cases, visible to tho eye 


Kxp. Roh, 81i84. 



LIBRARY OF SCIENCE 


379 

at once, may trace the varying direction of the lines of force and 
determine the relative polarity, may obborvo in which direction the 
power is increasing or diminisiiing, and in complex systems may 
determine the neutral points, or places where tlicre is neither polarity 
nor power, even when they occur in the midst of powerful magnets. 
By their use probable results may be seen at once, and many a valu- 
able suggestion gained for future leading exjieriments.” 

Experiment on Lines of Force. 

In this experiment each filing b(‘Conics a little magnet. The poles 
of opposite names belonging to different filings attract each other and 
stick together, and more filings attach themselves to the exposed 
poles, that is, to the ends of the row of filings. In this way the 
filings, instead of forming a confused system of dots over tlio paper, 
draw together, filing to tiling, till long tibr(‘8 of filings are formed, 
which indicate by their direction the lines of force in every part of 
the field. 

The mathematicians saw in this experiment nothing but a method 
of exhibiting at one view the direction in different places of the 
resultant of i’oicc's, one directed to each pole of the magnet; a 
somcjwhat complicated result of the simple law of force. 

But Faraday, by a series of steiis as remarkable for their geo- 
metrical definiteness as for their speculative ingenuity, imparted to 
his conception of these lines of force a clearness and precision far in 
advance of that with which the mathematicians could then invest their 
own formula}. 

In the first jdace, Faraday’s lines of force are not to be considered 
nu'iely as individuals, but as forming a system, drawn in S 2 )aco in a 
definite manner, so that the number of the lines which pass through 
an area, say of one square inch, indicates the intensity of the force 
acting through the area. Thus the lines (»f force become definite in 
number. The strength of a magnetic pole is meabured by the number 
of lines which proceed fiom it; the electro-tonic state of a circuit is 
measured by tlic number of lines which pass through it. 

In the second pla(*c, each individual line has a continuous exist- 
ence in simce and time. When a piece of steel becomes a magnet 
or when an electric current begins to flow, the lines of force do not 
start into existence each in its owui place, but as the strength increases 
new lines are developed within the magnet or current, and gradually 
grow outwards, so that the whole system ex])ands from within, like 
Newton’s rings in our former experiment. Tlius every lino of force 
preserves its identity during the w'holc course of its existence, though 
its shape and size may be altered to any extent. 

I have no time to describe the methods by which every question 
relating to the forces acting on magnets or oc currents, or to the 
induction of currents in conducting circuits, may be solved by the 
eonsidemtion of Faraday’s lino.s of force. In this place they can 
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never be forgotten. By means of this new symbolism, Faraday 
defined with mathematical precdsion the whole theory of electro- 
magnetism, in language free from mathematical technicalities, and 
applicable to the most complicated as wcdl as tlio simplest cases. But 
Faraday did not stop here, llo went on from the coiicei)tion of 
geometrical lines of fierce to that of pliysical lines of force. Ho 
observed that the motion which the magnetic or ehctric force tends 
to produce is invariably such as to shoiten tlie lines of force and to 
allow them to spread out laterally from each other. He thus i)er- 
ceived in the metlium a state of stress, consisting of a tension, like 
that of a rop^, in the direction of the linos of force, combined witli a 
pressure in all directions at riglit angles to tluuu. 

This is quite a new conception of action at a distance, reducing it 
to a jihenomenon of the same kind ns that action at a distance which is 
exerted by means of the ttuision of ro])es and tlie pressure of rods. 
When the muscles of our bodies arc excited by that stimulus which we 
are able in semu* unknown w’ay to apply to them, the fibres tend to 
shorten themselves and at th(‘ same time to expand late rally. A state 
of stress is produced in tlie muscle, and the limb mov(‘S, This ex- 
planation of muscular action is by no means comph te. It gives no 
account of the cause of the excitement of the stale of stress, nor docs 
it even investigate those forces of cohesion wliich enabh' the musth's 
to support this stress. Ncvcrtlieless, the simple fact, that it substitutes 
a kind of action which c\t( nds continuously along a material substance 
for one of whieli w'c know* only a cause and an (‘fi('ct at a distance from 
each other, induces us to accept it ns a real addition to our knowledge 
of animal mechanics. 

For similar reasons we may regard Faraday’s concoptiwa of a state 
of stress in the electro-magnetic field as a method of explaining action 
at a distance by means of the continuous transmisHion of force, even 
though w'e do not know how tho state of stress is prodiiccil. 

But One of Faraday’s most 2)rcgnant discoveries, that of the mag- 
netic rotation of polarized light, enables us to ])r(jceed a stop farther. 
Tho phenomenon, when analysed into its simplest elements, may bo 
described thus : — Of two circularly 2)olarized rays of light, 2)rccis(dy 
similar in configuration, but rotating in opposite directions, tliat ray 
is propagated with the greater velocity which rotates in the same 
direction as tho electricity of the magnetizing current. 

It follows from this, as tSir W. Thomson has shown by strict dyna- 
mical reasoning, that the medium when under tho action of magnetic 
force must be in a state of rotation — that is to say, that small portions 
of tho medium, which we may call molecular vortices, are rotating, each 
on its own axis, the direction of this axis being that of the n^agnetic 
force. 

Here, then, we have an explanation of the tendency of the linos of 
magnetic force to spread out laterally and to shorten themseltcs. It 
arises from the centrifugal force of the molecular vortices. 

The mode in wliicli electromotive force acts in starting and stop- 



LIBRARY OF SCIENCE 38 1 

ping tlio vortices is more abstruse, tlioiigli it is of course consistent 
with dynamical princijdcs. 

We Inivo thus found that there are several diftereut kinds of work 
to bo done by the elcctro-magnotic medium if it exists. We have also 
seen tliat magnetism has an intimate relation to light, and wo know 
tliat there is a theory of light wliich supposes it to consist of tlie vibra- 
tions of a medium. ITow is this luminiferous medium related to our 
electro-magnetic medium ? 

It fortunately happens that electro-magnetic measurements have 
been made from uhich wo can calculate ])y dynamical principles the 
velocity of ])roj)agatioii of small magnetic disturbances in the sup 2 >osed 
electro-magnetic medium. 

This vedoeity is v('ry great, from 288 to 311 millions of nn'trcs 
p(‘r second, according to dillercuit ex])eriments. Now the veh^city 
of light, according to Foucault’s evperinn'uts, is 208 millions of metres 
per second. Tn fact, the diffeixmt determinations of cither velocity 
differ fnnii each other more than the estimated velocity of light does 
from the estimated velocity of ]>roj»agation of small electro-magnetic 
disturbance'. Hut if the liiminifiTous and tlu‘ electro-magnetic media 
occn2)y the same ])lace, and transmit disturbances wuth the same 
vdocity, what reason have we to distinguish the one from the other? 
Hy considering them as the same, wv avoid at heist the reproach of 
filling space twice over with ditfeivnt kinds of aether. 

Besides this, the only kind of (dectro-niagnetic disturbances 
which can be propagated through a non conducting medium is a dis- 
turbance transvi rs<‘ to the diri'ction of jiropagation. agreeing in this 
res])ect with what we know of that disturbance which w’e call light. 
Hence, for all avo know', light also maybe an electru-iiiagnctic dis- 
turbance in a non-conducting medium. Tf we admit this, tlie electro- 
magnetic the.ory of light w ill agree in evm-y resi)eet w ith the iindu- 
latory theory, and the work of Thomas Young and Fresnel will bo 
established on a tii'iner basis than ever, when joined wdtli that of 
C^lvendiKh and (hnilomh by the keystone of tbo combined seientM'S of 
light and electricity Faraday’s gri‘at discovery of the elcctro-mag- 
iietie rotation of light. 

The vast intcii»laiietary and interstellar regions will no longer bo 
ri'gardcd as w'aste jdaces in tlu' universe, wbiidi the Creator has not 
seiui dt to fill with the symbols of tbo manifold order of Ilis kingdom. 
We shall find them to be already full of this w'onderful medium ; so 
full. Unit no liumaii ])ow(T can remove it from tbo smallest lAortiou of 
space, or produce the slightest flaw in its infinite continuity. It 
extends unbroken from star to star ; and when a molecule of hydrogen 
vibrates in the dogstar, the medium receives tbo impulses of thoso 
vibrations ; and after carrying tliem in its immense bosom for three 
years, delivers tlnun in due course, regular order, and full tale into tbo 
spectroscope of Mr. Huggins, at Tnlse Hill. 

But the medium has other functions and operations besides bear- 
ing light from man to man, and from WHU’ld to world, and giving 
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evidence of the absolute unity of the metric system of the universe. 
Its minute parts may have rotatory as well as vibratory motions, and 
the axes of rotation form those lines of magnetic force which extend 
in unbroken continuity into regions which no eye has seen, and which, 
by their action on our magnets, are tolling us in language not yet in- 
terpreted, what is going on in the hidden underworld from minute to 
minute and from century to century. 

And these lines must not be regarded as more mathematical 
abstractions. They are the directions in wdiich the medium is exert- 
ing a tension like that of a rope, or rather, like that of our own 
muscles. The tension of the medium in the direction of the earth's 
magnetic force is in this country one grain weight on eight square 
feet. In some of Dr. Joule's experiments, the medium has exerted a 
tension of 200 lbs. weight per square inch. 

But the medium, in virtue of the very same elasticity by which it is 
able to transmit the undulations of light, is also able to act as a spring. 
When properly wound up, it exerts a tension, different from the 
magnetic tension, by w'hich it draws oppositely electrified bodies 
together, produces effects through the length of telegraph wires, and 
when of sufficient intensity, leads to the rupture and explosion called 
liglitning. 

These are some of the already discovered properties of that which 
has often been called vacuum, or nothing at all. They enable us to 
resolve several kinds of action at a distance into actions between con- 
tiguous parts of a continuous substance. Whether this resolution is 
of the nature of explication or complication, I must leave to the 
metaphysicians. 


fj. C. M.J 



Friday, May 2, 1873. 

Sir Henry Holland, Bart. M.D. D.C.L. F.Il.S. President, 
in the Chair, 

Dr. J. Emerson Eeynolds, 

TKOFFhVJR OF CII^MISTHT, ROFAL DL HLIN SOCIHT, AND KEl-PI.i: OF MrVI R \L DFPARTMLM, 

On Alcoltoh from Flint and Quartz, 

In appearing before you this evening to lecture on “ Alcohols from 
Flint and Quartz,** you will i)ermit me at tho outset to explain, and 
even materially to extend, tho title of my discourse. 

I do not propose to show that spirits cau bo extracted from flint 
and quartz by mechanical processes ; but I hope to satisfy you that by 
indirect and purely chemical means wo can obtain from these familiar 
and widely-d^ffi’^'^''! minerals, and from native silicates, bodies resem- 
bling in chemical action, and even in appearance, the well-known 
alcohol of wine. 

Carbon has hitherto been considered the solo alcohol-forming 
element; but wo shall sec that tho chief constituent of flint and 
quartz, namely, silicon, must now bo admitted to share in this power, 
and likewise in tlio ability to form other remarkable compounds that 
it will be necessary for mo to refer to in the course of this lecture. 

In selecting this subject, I have done so in part because this most 
j)romiBing field of research, opened up by the labours of Wohler, Buff, 
Friedel, Crafts, Ladonburg, and others, has hitherto been but little 
cultivated in this country, and therefore probably possesses some 
novelty for the audience I have the honour to address ; and also 
because we find in this now branch of chemical investigation most 
interesting illustrations of the advantage we may derive from tho 
cautious use of tho argument from analogy. 

As a preliminary to the inquiry I propose, we may consider very 
briefly the chemical nature of flint and quartz. 

The word “ flint ** is of very ancient origin, and was often used to 
indicate any particularly hard rock. In this sense it is employed 
several times in tho Old TcBtamcnt — first, in the Book of Deutero- 
nomy, viii. 15, and in Psalms, cxiv. 8, where the rock struck by 
Moses is said to bo “ of flint.” We now use tho term to distinguish 
a well-known uncrystallino mineral, which can be easily shown to be 
a chemical compound of two so-called elementary forms of matter — 
oxygen and silicon. 

Flint is identical in chemical composition with quartz or rock- 
crystal, though physically different, as you will perceive by reference 
to the fine specimens on the table, kindly lent by Mr. Bryce 
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M. Wright, the well-known minoml collector. The common name 
of “ silica ” is given to the chemical compound, and the terms flint, 
agate, quartz, rock-crystal, are reserved for the forms in which we 
meet with this remarkable substance in nature. 

Having cleared our ground so far, we have to find how the oxygen 
may be separated from any of those forms of silica, and the element 
silicon may be obtained. This cannot be directly accomplished, but 
by indirect means wo can obtain the desired results. I have liore a 
quantity of finely-divided flint mixed with some powdered fluor-spar; 
when I pour oil of vitriol on the mixture, and apply lieat, a colourless 
gas is obtained, which, when passed into water, produces a highly acid 
and gelatinous liquid. The gas is a conij)ouud of the element fluorine, 
with silicon — the tetrafluorido of silicon— -and this, wlien brought in 
contact with water, produces an acid called hydrofluosilicic and a 
quantity of gelatinous liydrate of silica. 

The clear acid liquid, when treate<l with caustic soda, yields this 
white salt, the fliiosilicato of sodium, from which wo directly obtain 
the silicon, as you see, by simply heating with some metallic sodium. 
In this case, the sodium replaces the silicon, the latter separating, as 
you observe, in tlio tube as a dark brown substance. 

Having thus prepared silicon from flint, wo arc in a position to 
compare it with carbon, to trace out the analogies which subsist 
between them, and then to show that somo of the alcoholic and otlier 
compounds of carbon have their strange and interesting analogues in a 
silicon series. 

First, then, wo shall compare the elements themselves. 

We meet with nearly pure carbon under the well-known forms of 
charcoal, graphite, and diamond. ^ 

We can easily prepare tho corresponding varieties of silicon — the 
amorphous, the graplijtoidal, and adamantine. With tho aid of tho 
phengascopc, I shall now project on the screen imag"‘s of specimens, 
in order that you may compare the varieties side by side. I have also 
on the table a very fine specimen of crystallized silicon, for which I 
have to thank Messrs. Hopkin and Williams. [The lecturer showed 
a greatly magnified image of a fine crystallized diamond on the screen; 
a number of other specimens wore exhibited in tlio same way.J 

As might be anticipated, the specific gravity of carbon is lowest 
in charcoal and highest in diamond. Corresponding differences in 
HjKicific gravity are observed between tho varieties f>f silicon. Tho 
two elements also correspond remarkably in variations of specific heat, 
with different states of aggregation. The specific heat of the diamond 
is lower than that of graphite, and the specific heat of adamantine 
silicon is lower than that of the grapliitoidal variety. 

Passing now from the points of physical resemblance between 
tjarbon and silicon, I shall dwell more particularly on tho chemical 
relations of the two elements. 

Wo are familiar with tho fact that carbon bums in oxygen, 
jinxlucing, in an excess of that gas, the well-known gaseous oxide of 
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carbon, commonly called carbonic acid ; charcoal or coke burn readily 
in oxygen, while graphite is consumed with considerable difficulty, 
and the diamond is still more difficult of combustion. Amorphous 
silicon burns as easily in oxygen as charcoal, and forms the oxide 
silica, the same oxide that we find as flint or quartz. [Experiments 
exhibited. ) 

In this way we can reproduce, so far as composition is concerned, 
the substance from which we originally obtained the silicon for our 
experiments. Now, though amorjdious silicon is easily burnt, the 
graphitic and adamantine varietic^s of the element resemble the corro- 
s])onding forms of carbon in difficult combustibility. Crystalline 
silicon may bo raised even to a white heat in oxygen gas without 
burning. 

Unlike carbon, silicon in any of its forms easily combines directly 
with chlorine, producing the liquid chloride whicb I have in this 
tube. This is a very volatile body, boiling at 50^ C., and is half as 
heavy again ns water. It can also be prepared from silica by heating 
to full redness the finely-divided oxide aud carbon in a current of 
chlorine. In composition this chloride is the silicon representative 
of tetrachloride of carbon. 

In addition cti this chloride of silicon, the discovery of w’hich we 
owe to Berzelius, another has very rtcently been obtained by Friedel, 
which cmTCSponds to a well-known carbon hexachloride. 

Wo next pass to a compound of silicon with bydrogmi. It may he 
prepared in a pure state by means of a rather complex n^aefion I shall 
liave presently to refer to ; hut we can easily obtain the impure gas 
by Woliler’s method, in treating a compound of silicon and niagiiesium 
witli hydrochloric acid. We thus obtain a eolourle'«, spontaneously 
inflamniahle gas, which burns with a bright light on contact with the 
air. In its pure condition, Biliciur(‘tted hydrogiui is not spontaneously 
eomhustiblo at ordinary jircssure, but in a slightly rarefied atmosphere 
it easily inflames. The compositions of tht'se silicon and carlion com- 
pounds arc shown in this table : — 


SiO, 

Oxidt's 

CO. 

SiCh 

('bloiKles. 

t'c i. 



c.('l, 

Sill, 

11} »lri»los. 

cii, 


The silieiuretted hydrogen is evidently the chemical analogue of 
marsh-gas, the tetrahydride of carbon. 

It is usual to regard marsh -g.is as tlio typical carbon compound 
from which some alcoholic scries may bo supposed to spring, and, in 
fact, all the alcohols belonging to the group of which tbe well-known 
w'ood-spirit and spirit of wine are the chief members, arc commonly 
regarded as derivatives of marsh-gas, in which a part, or all, the 
hydrogen has been rcjdaced by one or more e uupound radicals, such 
as hydroxyl, methyl, ethyl, propyl, In tht'so cases, carbon of the 

marsh-gas is the grouping clement of the compound, or that con- 


ns Voi 2 N* 
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stitucnt which serves to bind together the different materials of which 
the molecular edifice is constructed. In the same way the silicon in 
siliciuretted hydrogen may be shown to be the nucleus round which 
can bo grouped hydroxyl, methyl, ethyl, &c., so os to form the alcohols 
whose compositions I shall presently have to refer to. Several of the 
less complex terms are still wanting, but their existence is rendered 
highly probable by the occurrence of bodies bearing the same close 
relation to the unknown alcohol thait marsh-gas bears to wood-spirit, 
or the acid of vinegar (acetic acid) to common B])irit of wine. As wo 
ascend in the sorh s, however, we meet with the true alcohols, in which 
silicon takes the place of carbon as the grou2)ing element. 

It must be here admitted, however, that no well-defined alcohols 
have yet been discovered in which silicon acts in any other way than 
as the nucleus of the compound ; carbon radicals in all these case s 
playing the subordinate parts. But w^e have every reason to exf)cct 
that complex alcohols containing silicon only will yet bo obtaineil as 
researches extend. 

In 1857 Buff and Wohler obtained a volatile fuming liquid on 
heating crystalline silicon nearly to redness in a current of (by hydro- 
chloric acid gas. The precise nature of this liquid was unknown 
until 1871, w'hen Friedel and Crafts published tlio results of their 
^mirablo researches upon Buff and Wohler’s liquid, and sliowed that 
it was a mixture of chloride of silicon with a new body, w^bich proved 
to be the strict chemical analogue of our well-known chloroform, 
silicon replacing carbon. 

SillCl, Chloroforms. ClICl, 

This body is a coluurToss, mobile, and v('ry volatih^ li(|uid boiling 
at 35° C. I have a quantity of it in this tube. One its most 
remarkable properties is that of exph^ding with great facility when its 
vapour is raixe-d with nir. I shall now" show you tlie experiment. 
Ordinary chloride of silicon does not afford an cxidosive mixture when 
its vapour is mingled with air. [Experiments shown.) 

When this remarkable body is made to unite witli anbydrous 
alcohol, a ccdourlcss ethereal licpiid is obtained on distillation, having 
an agrccabl(‘ otlour, and a boiling-jmint at 131^ 0. This body is 
strictly anal(>gnus in composition to a sul^.stancc obtained by William- 
son and Kay, by acting on ordinary cldoroform witli sodium aleoliol. 

These ethers may each be regarded as derived from a glycerine or 
triatomic alcohol, as sliown below. Neither of these alcohols has as 
yet been isolated. 


1 
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Si 

locjb 

|OC,n, 

Formic ethers (tribasic). 

1 

C 

locji, 
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|H 



[11 

Sil 
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|0H 

lOH 

(dyccriiis. 


loH 
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By the action of sodium on the silicon ether just referred to wo can 
obtain siliciuretted hydrogen in a state of purity. This is tho only 
known mode of obtaining the pure compound. 

Hetuming to the silicon chloroform, about whoso chemical nature 
we can now have little if any doubt, wo next have to inquire in what 
direction, and how far, wo can pursue tho analogy between tho great 
pain-killer, discovered almost simultaneously by Souboiran and the 
illustrious chemist of Giessen, who has so recently passed away from 
amongst us, and tho curious body that wo can obtain indirectly from 
flint or other form of silica in the manner 1 have described. 

Ordinary chloroform is well known to bo closely allied to common 
wood-spirit, or methyl alcohol, in a way that will be evident on com- 
paring the formulae. In fact, chloroform is easily obtained by treat- 
ing wood-spirit with bleaching-powder. We cannot in any simple way 
reverse this process and prepare wood-spirit from chloroform, but we 
can do something in this direction, for we are able by tho action of 
caustic potash to obtain from chloroform formic acid, a body which is 
one of the most remarkable products of oxidation of wood-spirit. Tho 
relation of formic acid to the alcohol is shown in the table below ; and 
it is there further pointed out that this formic acid should yield an 
anliydride — a body capable of producing the acid by union with the 
elements of water. This anhydride is not known, but the importance 
of suggesting its existence will ai)pcar in a moment. 




(5 

Si* 

^*ill 

Methyl alcoholfl. 

pi ^ 

M 11 

(oh 


(oH 




Si 0 

Formic aculu. 

do 

(OH 


[oh 



pi 

Si 0 

Anbydridrs. 

CO 

O(SiOH) 


O(COII) 


Regarding silicon chloroform from the same point of view, analogy 
would lead us to look for a simple silicon alcoliol similar to wood- 
spirit or methyl alcohol ; but wo would not expect tho silicon chloro- 
form easily to yield this alcohol directly, though we would bo justified 
in hoping that an acid, corro8j)onding to formic acid, might be obtained. 
As a matter of fact, no such alcohol has as yet been prepared even 
indirectly ; but a corresponding acid is very readily produced, and 
more than this, for tho anhydride at present wanting in the carbon 
series is found in that of silicon. If I pass the vapour of silicon 
chloroform into water nearly ice-cold, a white solid body is obtained 
without any evolution of hydrogen, and an acid liquid produced. The 
white solid then collected, washed, and dried at a low temperature, 
forms a white inflammablo powder, which was first described by Buff 
and Wohler. Friedol and Ladenburg have shown that this remark- 
able body is the anhydride of the silico-formic acid. According to the 
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results of my own investigationSt the acid liquid to which I referred 
just now coutains, in addition to hydrochloric acid, the true silico- 
fonnic acid— a body possessing nearly as energetic reducing proper- 
ties as the corresponding a^d derived from wood-spirit. I shall now 
demonstrate these facts. [The lecturer then exliibited the experi- 
ments referred to.] 

It will naturally be asked whether the silicon chloroform is capable 
of acting as an anrestlictio like ordinary chloroform. But it is only 
necessary to bear in mind the fact that it is very easily decomposed 
by water into gelatinous matter, and highly corrosive hydrochloric 
acid, in order to understand that its inhalation would bo attended by 
the speedy destruction of the lungs of any person persisting in the 
experiment. 

Starting from silicon chloroform, then, wo have been led, by ana- 
logical reasoning in the first instance, to infer the existence of a simple 
silicon alcohol precisely corresponding to wood-spirit. On testing 
this induction by exjx'.rimcnt, wo have obtained answers which are, so 
far as they go, altogether favourable to the view just stated. In fact, 
the results are as satisfactory as they can bo short of the discovery of 
the silico-methyl alcohol. 

I shall now endeavour to strengthen this position by showing that 
the existence of three higher members of the alcoholic series has been 
rendered highly probable by the discovery of closely-related bodies, 
though the alcohols themselves have not been isolated ; and, finally, 
I shall show that the alcohols of still higher terms have actually been 
obtained. 

In the course of their elaborate and able investigation of silicon 
compounds, Friedel and Crafts discovered that chloride ^ silicon 
easily acts upon common alcohol, as I have already mentioned, pro- 
ducing a body which Friedel and Ladenburg have recently shown to 
be easily attacked by a fnixtnro of sodium with a curious substance 
contained in this tube — zinc-ethyl. The product, when treated with 
caustic potash, yields a body wliich bears the same relation to silico- 
propyl alcohol that formic acid does to wood-spirit. This relationship 
is shown in tho formuleo — 


Si 


C.U. 
H 
H 
OH 
C.H, 
Si{0 
OH 


Propyl alcohols. 


Propionic acids. 
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C 


C*H. 

H 

11 

OH 

0 

1 OH 


This silico-propionic acid is in this tube, and is a white combus- 
tible powder, like the silico-formic anhydride I have already shown to 
you. It is soluble in warm caustic potash, but not in caustic soda ; by 
which character it can be distinguished from silica. It is only 
necessary to state that it can be obtained in a<iueous solution, and in 
the pure state, by Professor Graham’s valuable dialytic process. 
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In the amyl term, neither alcohol nor acid are yet known ; but by 
the action of zinc-methyl on chloride of ailicon wc can obtain a light, 
colourless, and very volatile liquid, which is silicon-methide, a body 
that may, for reasons which will prcscntly^appcar, be fairly considered 
to stand in the same relation to silico-amyl alcohol that marsh-gas docs 
to wood-spirit. Thus — 


Amyl hydrides. 


Alcohols. 


The researches of Friedel and Crafts have made us acquainted with 
a body which may also j)rohably be regarded as the hydride corre- 
sponding to silico-hcxyl alcohol. This coinpountl is prepared by the 
action of zinc-methide and zinc-cthide in chloride of silicon. 


111 

•if} 


Hexyl hjdrides. 


lit xyl alcolioln. 


Having, therefore, stilted the grounds for inferring the existence of 
Bilico-pro])yl, silico-amyl, and silieo-hoxyl alcohols, 1 shall now pass 
at oiico to the second class of ovidciieo, and show that the alcohols 
of still higher ti'rms can actually bo prepar(‘d. 

In referring to the preparation of silico-propionic acid, it was 
stated that wlieu cliloride of silicon acts upon absolute' alcohol a body 
is obtained whieh, on treatment with zinc-ethyl and sodium, yields an 
ethereal product from which silico-propionic acid can be obtained by 
treatment with caustic i)otash. If, however, instead of using the 
caustic alkali wc continue the action of zinc-ctliyl and sodium, decom- 
pose the products wdth w ater in sealed tubes, and distil, a liquid is 
obtained which contains one of the “ alcejhols from flint ” w'e are in 
search of. In this tube I have a small quantity of tho alcohol, and 
here you will find its composition stated — 


(C,H, 

Si Heptyl alcohols. 

lOH 



You will observe that it is tho silico-heptyl alcohol precisely cor- 
responding to a simple carbon alcohol recently discovered by Naha- 
petian, both being tertiary alcohols. We owe to Ladenburg the 
discovery of this lowest known term of alcohols containing silicon. 
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As you oan observe it is a colourless liquid, not unliko tbo ordinary 
alcohol of wine. It is insoluble in water, but easily dissolved by 
spirit and ether. Chemically it acts just liko any of the other 
alcohols, producing ethers, and dissolving the alkali metals to form 
sodium or potassium alcoholates. When common spirit burns you 
are aware that its flame is nearly colourless, but 1 shall now burn 
some of our alcohol from flint, and you will find, particularly when 
we feed the flame with oxygen, that a bright light is emitted. 

Clearly defined though this alcohol is, it does not stand alone, for 
at least one other compound of the same order is known. It was sug- 
gested in 1870, by Fricdel and Crafts, that silicoTi cthide— a body 
easily prepared by the action of chloride of silicon on zinc cthide — 
might be regarded as the hydride of silico-nonyl, and should stand 
in the same relation to an alcohol that marsh-gas does to common 
wood-spirit, or ethyl hydride to ordinary alcohol. This happy idea, 
when put to the test of experiment, was fully justified by the result, 
for, on treating silicon ethido in essentially the same manner that wo 
should adopt in preparing wood-spirit from marsh-gas, a colourless 
liquid, lighter than, and insoluble in, water is obtained. The boiling 
point of this body is 190° C. It yields an ether with acetic acid, dis- 
solves sodium, forming an alcoholate, and, in fact, conforms to the 
general habits of the alcohols of tho series to which common spirit 
belongs. The compositions of these bodies are thus represented — 

(ChH., 

I H 

SijJI Nonyl hydrides. 

(h 

Si| Alcohols. 
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Csll.r 
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It is thus show’n to be precisely similar to the nonyl alcohol j^ropared 
by Pelouze and (’ahours from American petroleum. 

Ladenburg has very recently advanced even beyond the point wo 
have now reached, and has shown that the cliloridc' of silicon can bo 
made to yield two ethers, which correspond, as I may suggest, to 
silico-nonyl diatomic and triatoraic alcohols. Thus — 
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Si 


c,ir, 

oc,u, 

C,H, 
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In all the preceding compounds it will havo been noted that but 
one atom of silicon is present, and though, as I pointed out in tho 
earlier part of this lecture, the silicon in theso cases occupios the 
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chief position as the grouping element, we should much like to see 
silicon uniting with silicon, and forming a more condensed compound 
with hydrogen. Happily, however, very important evidence, even 
upon this point, is forthcoming, for Friedel and Ladenburg have dis- 
covered corres])onding hcxa-chlorido, iodide, and bromide of silicon, 
and treatment of the hexa-iodide with zinc-ethyl enables us to obtain 
the ethido whoso formula is given in this table — 


Hydride. Chloride. Ethide. 



fH 

rCl 



H 

Cl 

1 

Si 

H Si 

Cl 

Si) 

Si j 

H Si^ 

Cl 

SiS 


H 1 

Cl 



IH ' 

Cl 
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Cdl, 


It is not improbable that in the last-named compound we have the 
starting-point of a new series of still more complex bodies, analogous 
10 derivatives of olefiant-gas rather than to those of marsh-gas. 

I trust you will now admit that the case I proposed to lay before 
you has been made out— namely, that we can obtain some alcohols 
indirectly from flint or other form of silica, and tliat wo have solid 
ground for inferring the existence of many others. 

A rich and beautiful field for chemical research appears to lie 
before us in tracing out the analogies between the compounds of 
carbon and silicon, and rcc(>gnising the chemical representatives of 
many of the most complex “organic compounds” in the native sili- 
cates which form so large a part of the crust of this earth. 

Hitherto in this lecture I have avoided refiuence to subjects not 
directly connected with the matter in hand, but, before concluding, 
I would refer, necessarily in a v<‘ry few words, to some inquiries in 
this department of clieniistry which have l)een carried on in the labo- 
ratory of the Royal Dublin Society. First, however, allow me to per- 
form an experiment. 1 have here a glass jar filled with dry amino- 
uiacal gas ; when I drop it into some chloride of silicon, a white 
compound is obtained. This body was discovered by Persoz in 1830, 
and the composition he assigns to it wi»uld, as ably suggested by Dr. 
Hofmann, rcj)rescnt a mixture of sal-ammoniac with the hydrochlo- 
rato of silicon-guanidine. If this white body be ignited strongly in 
a closed vessel, an infusible white substance remains, which has been 
examined by Devillo and Wohler, who have shown that it contains 
silicon and nitrogen, and that the same or similar body can be pro- 
duced by intensely heating crystalline silicon in an atmosphere of 
nitrogen. 

My examination of this curious body has led mo to the conclusion 
that it is the silicon analogue of cyanogen — a well-known compound 
of nitrogen with carbon, and the chief constituent of the deadly 
poison prussic acid. This body, though little affected even at a very 
high teinperaturo, in the absence of moisture is easily decomposed by 
st^m — silica, ammonia, and hydrogen resulting. A similar dccompo- 
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Bition is effected by heating witli soda-lime. I may add that, when 
this singular compound is fused with a small quantity of carbonate of 
potassium, cyanide and silicate of the metal ore produced ; in this 
case, carbon n 2 )i)car 8 to displace silicon. 

If, in the cxperinionts ^^ith ammoniacal gas, we substitute silicon 
chloroform for the silicic chloride, a body is obtained from which this 
compoimd of silicon and nitrogen can bo easily extracted. Now we 
know well that when ordinary chloroform is heated with ammonia gas, 
chloride and cyanide of ammonium are obtained, and that under 
certain circumstances a body called imra-cyanogvn is also produced. 
Analogy would lead us to anticipate that silicon chloroform would 
react in a similar manner, and the facts I have hitherto observed 
justify this inference. 

It would be out of place to pursue this subject here, as the results 
of the inquiry referred to have not yet been published. I have, 
therefore, now sinqdy shown to you one of the chief bodies to which 
interest bdongs, and ventured to point out the relationship I believe 
it to bear to some of the wcll-knowm and remarkable compounds of 
carbon witli nitrogen. 

In concluding this lecture, I need simply remind the audience I 
have the honour to address that the practical value of scientific re- 
search is rarely apparent at first. Who could have suspected that the 
benzole discovcre<l by the venerable philosopher whose name is so 
inseparably connected with this Institution, would have proved, in 
the able hands of Perkin and of Hofmann, the chief source of many 
of the exquisite dyes now largely manufactured in this country ? Yet 
in this, as in a hundred of other instances, tlic small and apparently 
useless scientific seedling has gradually expanded into the Hii'ongtree, 
yielding its rich store of useful fruit. Let us hope that a similar 
future awaits some of the alcohols from flint which liave been re- 
ferred to this evening, and that, in pursuing our studic's of the silicon 
analogues, of the more complex carbon compounds, we may bo led 
to appreciate more fully than wc have hitherto done the admirable 
economy and harmony of Nature. [ J. E. 11. J 
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On Spectra of Polarized Light, 

Some apolo^ry pcrliaps duo to you on my j)art for proposing tliiit you 
should come together for such elementary cxi^enments as those ^liich 
I have to offer you this evening, but tlie growing importance of tlio 
subject of polarization, both in general and in astronomical physics, 
and the increased instrumental iiicaiis at our command for the study 
and the exhibition of the phenomena, all seem to indicate that an 
hour may be not unprofitably spent in trying to obtain a clearer 
insight into the fundamental part^ of the subject. 

The object which I proiiose on this occasion is to verify experi- 
mentally the explanation furnishtd by ih(‘ wave theory of the colours 
produced by crystal plates when submitted to polarized light. Not 
because the wave theory or its conclusions need in themselves any 
verification, but bocauso.the line of argument ought to be continuous 
throughout, — not like an electric current which leajis from one part of 
a broken conductor to anotlicr. Each line, whether theoretical or 
experimental, should bo complete and continuous from one end to 
another. 

Having this object in view', I propose to reproduce, by way of 
memorandum, a few of the phenomena in question, so as to bring 
them and thtdr analysis in os ch>se juxtaposition as possible; and 
for this purpose I have arranged two electric lamps, each furnished 
with a complete polarizing apparatus, but the »^econd having in addi- 
tion a pair of dispersive prisms, forming, in fact, a spectroscope. In 
the first arrangement I woidd draw your particular attention to a 
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Nicols prism or polarizer, superior in respect of size, and in tho 
opinion of those best capable of judging, not inferior in quality to 
any hitherto constructed. Wc have, in fact, before us, first the pair of 
Nicols constructed by Mr. Ladd, which accompanied Professor Tyndall 
in his journey to the United States ; secondly, a larger one made for 
him by Mr. Browning ; and thirdly, the largest of all, by Messrs. 
Tisley and Spillcr. And lost it should seciii that in tlius proceeding 
from large to larger wo have been aiming merely at indefinite size, I 
may explain that ray object has been always a strictly definite one, viz, 
to obtain a polarizer large enough to transmit the entire beam wliich 
issues from tho lantern ; in this I have now completely succeeded. 

Now it is well known that if a plate of selenite sufficiently thin bo 
placed between two such Nicol’s prisms, or, more technically speaking, 
bctw'oen a polarizer and analyzer, colour will bo produced. And the 
question proposed is, What is tho nature of tliat colour? is it simply a 
pure coloui* of the spectrum, or is it compound, and if so, what are its 
component parts ? The answer given by tho wave theory is in brief 
this : In its passage through tlio selenito plate tlio rays have been so 
separated in the din ction of their vibrations and in the velocity of 
their transmission, that, when re-compounded by means of the ana- 
lyzer, they have in some instances neutralized one another. If tin's 
be the case, the fact ought to bo visible when the beam emerging from 
the analyzer is dispersed by the spectroscope ; for then wo liave tho 
rays of all the difierent colours ranged side by side, and if any bo 
wanting, their absence will be shown by the appearanco of a dark 
band in their place in the spectrum. But not only so; tlio spectrum 
ought also to give an account of the other phenomena exhibited by tho 
selenite when the analyzer is turned rounds viz, that when Uio angle 
of turning amounts to 45"^ all trace of colour disappears ; and also 
that when the angle amounts to 1)0° colour reappears, not, however, 
the original colour, but one complementary to it. 

You now sec in the spectrum of the reddish light iiroduced by 
tho selenite a broad but dark band in the blue ; when the analyzer 
is turned round the band becomes less and less djirk, until wlum tho 
angle of turning amounts to 45° it has entirely disappeared. At this 
stage each jiart of the spectrum has its own proportional intensity, 
and the whole produces the colourless image sc(‘n without the spectro- 
scope. Lastly, as the turning of the analyzer is continued, a dark 
band appears in tho red, the part of tho spectrum com])lcnieutiiry to 
that occupied by tho first band ; and tho darkness is most complete 
when the turning amounts to 90°. Thus wo have from tho spectro- 
scope a complete account of what has taken place to produco tho 
original coh)ur and its changes. 

It is further w’cll known that the colour produced by a selenite, or 
other crystal plate ’'is dependent upon tho thickness of tho plate. 
And, in fact, if a series of plates bo taken, giving different colours, 
their spectra arc found to show bands arranged in different positions. 
Tho thinner plates show bands in tho parts of tho spectrum nearest 
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to the violet, wliero the waves are sliortcr, and consequently give rise 
to redder colours ; while the thicker show bunds nearer to the red, 
whole the waves are longer, and consequently supply bluer tints. 

When the thieloicss of the jdatc is continually increased, so that 
the colour produced has gone through the complete cycle of the 
spectrum, a further increase of thickness causes a reproduction of the 
colours in tlic same order ; but it will be noticed that at each recur- 
rence of the cycle the tints become paler, until when a number of 
cycles have been performed, and the thickness of the plate is con- 
siderable, all truce of colour is lost. Let us now take a series of 
j dates, the lirst two of which, as you see, give colours ; with the others 
which arc successively of greabu* thickness the tints are so feeble that 
they can scarcely bo distinguished. The spectrum of the first shows 
a single baud ; that of the second, two ; showing that the second series 
c)f tints is not identical with the first, but that it is produced by the 
extinction of two c(doiirs from the components of white light. The 
sjioctra of tho others show series of bands more and more numerous in 
pi’oportion to the thickness of tho plate, an array which may be 
increased indefinitely. The total light, then, of which the spectrum 
is (h.'privcd by the thicker plates is taken from a greater number of its 
parts ; or, in other words, tho light which still remains is distributed 
more and more evenly over tho spectrum ; and in the same proportion 
tlie sum total of it approaches more and more nearly to white light. 

TIjoso experiments were made more than thirty years ago by the 
Freu(*h ])hilosophcrs, MM. Foucault and Fizeau. 

If instead of selenite, Iceland spar, or other ordinary crystals, we 
use plates of (piartz cut perpendicularly to tho axis, and turn the 
analyzer round as before, tho light, instead of exhi))iting only one 
cedour and its complementary with an intermediate stage in which 
colour is absent, changes continuously in tint ; and the order of the 
colour depends partly upon tho direction in which the analyzer is 
turned, and partly upon the character of tho crystal, i, c, whether it is 
right-handed or left-handed. If we examine the spectrum in this 
case we find that the dark band never disappears, but marches from 
one end of tho si)ectrum to another, or vice versa, precisely in such a 
direction as to give rise to the tints seen by direct projection. 

The kind of polarization ctfected by the (piartz plates is called 
circular, while that effeebid by tlic other class of crystals is called 
plane, on account of the form of the vibrations executed by tho 
molecules of rother ; and this leads us to examine a little more closely 
tho nature of the polarization of different parts of those spectra of 
polarized light. 

Now, two things are clear : first, that if light be plane-polarized, 
that is, if all tho vibrations throughout tho entire ray are rectilinear 
and in one plane, they must in all their bearings have reference to a 
particular direction in space, so that they will h-o differently affected 
by different positions of tlio analyzer. Secondly, that if the vibrations 
be circular, they will be affected in precisely the saine way (whatever 
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that may bo) in all positions of the analyzer. This statement merely 
recapitulates a fundamental point in polarization. In fact, plane- 
polarized light is alternately transmitted and extinguished by tlio 
analyzer as it is tuimed through 90*^ ; while circularly-polarized light 
remains to all appearance unchanged. And if wo examine carefully 
the spectrum of light which has passed through a selenite, or other 
ordinary crystal, we shall find that, commencing with two consecutive 
bands in position, the parts occupied by the bands and those midway 
between them are plane-polarized, for they become alternately dark 
and bright ; while the intermediate ports, i. e. the parts at one-fourth 
of the distance from one band to the next remain pc'rmaneutly bright. 
These are, in fact, circularly polarized. But it would bo incorrect to 
conclude from this experiment alone that such is really the case, 
because the same api)earanco would bo seen if those parts were 
unpolarized, i, e. in the condition of ordinary lights. And on such a 
supposition wo should conclude with equal justice that tlio parts on 
either side of the parts last mentioned (c. r/. the parts separated by 
eighth parts of the interval between two bands) were partially 
polarized. But there is an instrument of very simple construction, 
called a “ quarter-undulation plate,” a plate usually of mica, whoso 
thickness is an odd multiple of a quarter of a wave length, which 
enables us to discriminate between light unpolarized and circularly 
polarized. The exact mechanical effect produced upon the ray could 
hardly bo explained in detail within our present limits of time; but 
suffice it for the present to say tliat when placed in a proper positit)n, 
the plate transforms plane into circular and circular into plane polar- 
ization. That being so, the pai*ts which were originally banded ought 
to remain bright, and those which originally remaine4l brighW)ught to 
become banded during the rotation of the analyzer. The general 
effect to the eye will cogscquently be a general shifting of the bands 
through one-fourth of the space which separates each pair. 

Circular polarization, like circular motion generally, may of course 
bo of two kinds, which differ only in the direction of tlie motion. 
And, in fact, to convert the circular polarization produced by tliis 
plate from one of these kinds to the other (say from right-handed to 
left-handed, or vice versa), wo have only to turn the plate round 
through 90^. Conversely right-handed circular polarization will bo 
changed by the plate into plane-polarization in one direction, while 
left-handed will be changed into plane at right angles to the first. 
Hence, if the plate be turned round through 90 ^ we shall see that the 
bands are shifted in a direction opposite to that in which tlioy were 
moved at first. In this therefore we have evidence not only tliat the 
polarization immediately on either side of a band is circular ; bot also 
that that immediately on the one side is right-handed, while that 
immediately on the 6thor is left-handed. 

If time permitted, I might enter still further into detail, and show 
that the polarization between the plane and the circular is elliptical, 
and even the positions of the longer and shorter axes and the direction 
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of motion in each case. But sufficient has, perhaps, been said for our 
present purpose. 

Before proceeding to the more varied forms of spectral bands, 
which I hope presently to bring under your notice, I should like to 
ask your attention for a few minutes to the peculiar 2 )henomena 
exhibited when two plates of selenite giving complementary colours 
are used. The appearance of the spectrum varies with the relative 
position of tlio plates. If they are similarly [daced, that is as if they 
were one plate of crystal, they \^ill behave us a single jdatc, whose 
thickness is the sum of the thicknesses of each, and will 2 )roduce double 
the numlx'r of bands which one alone would give; and when the 
analyzer is turned, the bands will disap])ear and rc-a{)pcar in their 
complementary iK)sitioiis, as usual in the case of plane-polarization. 
If one of them Ixi turnc‘d round through 45°, a single band will be 
seen at a i)articular position in the sp(‘ctrum. This breaks into two, 
which recede from one another towards the red and violet ends 
respectively, or advance towards one another according to the direction 
in which the analyzer is turned. If the i)late be turned through 45° 
in the oj)posite direction, the effects wdll be reversed. The darkness 
of the bauds is. however, not e< 2 ually complete during their w'holo 
X)aKsago. Lastly, it oiio of the plates bo turned through 90 \ no bands 
will bo seen, and the spectrum will be alternately bright and dark, 
as if no jilates wei‘e used, (‘xcejit only that the iiolarization is itself 
turned through 90 \ 

If a wedge shajied crystal bo used, the bands, instead of being 
straight, will cross the si) 0 ctrum diagonally, th« direction of the 
diagonal (dexter or sinister) being determined by the iiosition of tho 
thicker end of the wedge. If two similar wedges bo used with their 
thickest (iids together, they will act as a wedge whose angle and whose 
thickness is double of the first. If they be placed in the reverse 
position they will act as a flat plate, and tho bands will again cross 
the Rj)Octrum in straight lines at right angles to its length. 

If a concave plate bo used the l)ands will dispose themselves in a 
fanliko arrangement, their divergence depending upon tho distance of 
tho slit from the centre of concavity. 

If two quartz wedges, one of which has tho optic axis parallel to 
tho edge of the refractory angle, and tho other perpendicular to it, 
but in one of tho planes containing the angle (Babinct’s Com^^ensator), 
tho appearances of tho bands are very various. 

Tho diagonal bands, beside sometimes doubling themselves as wdth 
ordinary wedges, sometimes combine so as to form longitudinal (in- 
stead of transverse) bands ; and sometimes cross one another so as to 
fonn a diaper pattern with bright com 2 )artments in a dark framework, 
and vice versa, according to the position of the jdates. 

Tho effects of different disimsitions of tho interposed crystals 
miglit bo varied indefinitely ; but enough has ] rhaj)s been said to 
show tlio delicacy of tho method of spectrmn analysis as applied to 
the examination of jmlarizcd light. [W. S.] 
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Professor Odling, M.A. F.R.S. 

On Evaporation and Diffusion. 

Of the circumstances on which the rate of evaporation of the same 
volatile substance chiefly depends, one very influential circumstance, 
namely, the nature of the atmosphere into which the vapour proceeds 
and distributes itself, does not appear to have been made the subject of 
careful examination. There is, however, one familiar experiment on 
the subject ; and it consists in passing up a little ether into two 
equal volumes, one of hydrogen and the other of air, contained in 
similar cylinders standing over water. Evaporation of the ether takes 
place in both cases ; though far more rapidly into the hydrogen than 
into the air, as shown by the far more rapid expansion of the hydro- 
genous than of the aerial space, from the addition to it of the ether- 
vapour, This experiment is usually cited in illustration of the greater 
rapidity at which ether-vapour diffuses itself into an atmosphere of 
light hydrogen than into an atmosphere of comparatively heavy air. 
It is doubtful, however, whether the explanation in this preeise form 
is strictly correct, the diflfusive mobility of any gas or vapour being 
a property altogether special to itself, irrespective of extraneous con- 
ditions. Thus, in a particular experiment, Mr. Graham found that While 
the quantity of hydrogen which in one minute of time passed through a 
graphite plate into a vacuum was 1 • 289 c. c., the quantity of hydrogen 
which in the same time passed through the same graphite plate into 
the surrounding air was 1 * 243 c. c., or almost exactly the same. 

A novel experiment on the influence due to the nature of the con- 
tiguous atmosphere upon the rapidity of tlie process of evaporation, 
consists in introducing into each of two similar tall cylinder bottles a 
sealed glass bulb containing a little iodine. Tho one cylinder being 
filled with hydrogen, and the other with air, and each having sus- 
pended from its mouth a piece of starched paper or cloth, tho bulbs 
are then broken by concussion of the containing cylinders. But, in 
this case, the test paper or cloth suspended in the cylinder of air 
becomes affected by tho iodine considerably before that suspended in 
the cylinder of hydrogen ; or, contrary to what happens with ether, 
the iodine appears to volatilize more quickly in tho comparatively 
heavy air than in the much lighter hydrogen. Similarly, if some 
weak aqueous ammonia contained in a sealed glass bulb bo set free in 
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a tall bottle of hydrogen, and also in a tall bottle of air, a piece of 
turmeric paper suspended from the stopper of each bottle becomes 
affected by the ammonia vapour more quickly in the bottle of air than 
in the bottle of hydrogen. 

Water may be taken as the type of a volatile substance, and the 
nature of the process of evaporation be conveniently studied in rela- 
tion thereto. Now, in a hermetically-closed vessel exhausted of air, 
but partly filled with water, the matter of the water exists in two 
states — a portion of it in the liquid state, and another portion in the 
aerial, or vaporous, or evaporated state; and, with excess of liquid 
water present, the quantity of vaporous water that can exist in an 
otherwise vacuous space, or the density of the vapour filling the 
space, is found to vary solely with tho temperature. Thus 100 cubic 
inches of space will contain at 58^ C., 3 grains of vaporous water ; at 
100° 0., 15 grains; at 144° C., 58 grains, and so on ; or the densities of 
tho vapour of water at these different temperatures arc as the numbers, 
3, 15, and 58, respectively. Now, the quantity of water- vapour that can 
exist at any particular temperature in a volume of otherwise vacuous 
space, is almost identical— it used to be considered absolutely identical, 
— with the quantity of vapour that can exist in the same volume of space 
already occupied by air. In other words, a cubic inch of water-vapour, 
and a cubic inch of air saturated with water-vapour, contain the same 
weight of the matter of w'atcr. Henco it is found that with con- 
tinuous increase of temperature, a greater and greater quantity of 
liquid water ceases to be liquid and becomes vaporous, or is, in 
other words, evaporated into the adjoining space, whether vacuous or 
aerial ; and conversely with decrease of temperature, a greater and 
greater quantity of vaporous water ceases to be vaporous, and is 
deposited in the liquid state. Thus, upon cooling a globe of trans- 
parent warm moist air, it is at once filled with an opaque mist, which, 
loft to itself, soon becomes deposited in the form of drops ; but which 
may bo readily made to disappear or rc-vaporizo by gently heating 
the globe. The deposition of dew on cold surfaces brought into a warm 
moist room is familiar to all. 

The tension or spring of water-vapour varies with tho quantity of 
vapour filling tho space — that is, with tho density of the vapour, and 
consequently with its temperature. Thus tho tension is equal at 
15° C., to a pressure of 13 millimetres of mercury ; at 60° C., to a pres- 
sure of 149 millimetres; at 100° C., to a pressure of 760 millimetres ; 
at 144° C., to a pressure of 3040 millimetres. At the temperature of 
100° C., tho tension of tho vapom* of water being c^uol to a pressure 
of 760 millimetres of mercury, balances tho tension or pressure of 
the atmosphere, as measured by tho height of the barometric column. 
Hence on continuing to heat water already at the temperature of 100°, 
it boils, or is converted into vapour, having a tension equal to that of 
the atmosphere. And so with a less or greator external pressure, 
water boils at a lower or higher temperature — in each case at the 
particular temperature whereat the elastic force of tho water-vapour 
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balances the particular external pressure. Under a pressure of 149 
millimetres, for instance, water boils at 60° C. ; under a pressuro of 
8040 millimetres, it boils at 144° G. The occurrence, then, of ebulli- 
tion at some particular point of temperature may be viewed as a mere 
accident of the process of evaporation — a more and more rapid evapo- 
ration, with production of vapour of higher and higher density and 
elasticity, proceeding continuously with the continuous increase of 
temperature, although, indeed, at a far more rapid rate than the rate 
of increase of temperature. 

In the conversion of liquid water into water-vapour, heat is 
absorbed. It was at one time considered that the quantity of heat 
absorbed was independent of the temperature and correlative tension 
of the vapour yielded, and that it varied only with the quantity yielded. 
It was held, for example, that in the conversion, say, of a gramme of 
liquid water into a gramme of water-vapour — whether of tenuous 
vapour at a low temperature, or of dense vapour at a high tempe- 
rature — the same quantity of heat was absorbed. This rule, though 
now known to be oi^y approximatively true, is nevertheless sufficiently 
true to allow of the amount of cold, or absorption of heat, resulting 
from any evaporation, being taken as an indication or measure of the 
amount of that evaporation. The depression of temperature caused 
by the evaporation of water, is familiarly shown in the use of the wet- 
bulb hygrometer. This instrument consisting simply of a couple of 
thermometers, one of which has its bulb kept continuously moist, the 
difference in way of deficit between the temperature manifested by 
this wet-bulb thermometer and the temperature manifested by the 
other thermometer, is a measure of the amount of water evaporating 
from tlie surface of the moistened bulb. ^ 

What is true of liquid water and of water-vapour is true, in prin- 
ciple, of other v(»latilc liquids and (»f their several vapours. At tuny 
given tomperaturc some of these bodies volatilize much more rapidly, 
others of them much less rapidly, tliiin one another, and than water ; 
and in the process of their evaporation some of them absorl) a much 
greater amount of heat than others, though for the same weight of 
vapour formed no one of them is known to absorb so large an amount 
of heat as water. Disulphide of carbon, ether, and alcohol, aro fami- 
liar examples of bodies more volatile than water ; aniline, mercury, 
and molten silver, of bodies less volatile. It is well known that water 
when required pure is distilled — that is to sfiy, it is first vaporized by 
heat and then re-liquefied by cold ; and silver when rectuired absolutely 
pure is sometimes submitted to the same process of distillation. 
Evaporation is, moreover, a property not only of liquid, but also of 
solid bodies, as of sal-ammoniac, iodine, camphor, ice and snow, solid 
carbonic acid, &c. Many of the phenomena of evaporation can be 
illustrated more conveniently with other volatile substances thaA with 
water. Thus tho cooling produced by evaporation may bo strikingly 
illustrated by means of ether, and still more strikingly by means of 
some liquefied gas, as liquefied sulphurous or nitrous oxide. 
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Tho necossaiy infliieiico of some conditions on the rate of evapora- 
tion is obvious. Evaporation being a direct result of the absorption 
of heat, and tho higher tho temperature the greater tho quantity of 
vapour capable of existing in a given space, it is found that at higher 
and higher temperatures water evaporates or dries up more and more 
rapidly, in proportion approximatively to the increasing density of the 
vapour at higher and higher temperatures. Wet linen, for example, 
is habitually dried by being hung before the fire or placed in boated 
chambers or ovens. 

Similarly with regard to tho influence of the extent of liquid 
surface on the rate of evaporation, it is found that the evaporation 
of a given weight of liquid water takes place more rapidly when tho 
water is spread out in a wide dish than when it is contained in a 
narrow tube, in pro 2 )ortion to tho greater extent of surface from 
which the evaporation can take place in tho one case than in tho 
other. Thus, while half a pint of watc^r in a tumbler will remain for 
an almost iiideflnito time without becoming dried up, half a pint of 
water absorbed in a thick towel exposing on its two sides more than a 
dozen s(piaro feet of surface, will become dried up in the course of 
twenty-four b/)ur8. 

Again, the influence exerted by tho greater or less dryness of the 
n<ljaccnt space, whether or not aerial, upon the evaporation of water is 
obvious. Into a space already saturated with vapour no further 
evaporation whatever can take place ; and other conditions being 
alike, tho drier tho space the greater tho amount of evaporation that 
can take place with it, and the more rapid tho process of evaporation. 
In the laboratory, moist substances are made dry by allowing the 
water from them to evaporate into spaces kept artificially dry by 
means of desiccating agents, such as oil of vitriol, quicklime, chloride 
of calcium, &c., wliich absorb tho water- vapour from tho space as 
fast as it is produced therein. Moreover, evaporation proceeding 
into any space, vacuous or aerial, until the space is saturated with 
water-vapour, and more rapidly in proportion to the removal from 
saturation of the space, it is obvious that, other conditions being 
equal, evaporation proceeds more rapidly into a largo space re- 
quiring for its saturation a considerable weight of water-vapour 
than into a small space capable of being saturated by a minute 
quantity of the vapour. 

The influence of tho extent of aerial space into which a vapour 
can distribute itself upon the rate of formation of tho vapour, leads 
to a consideration of the efibet of tho movement of tho contiguous 
air upon tho rate of evaporation from a given surface. With an 
absolutely quiescent atmosphere, the layer of atmosphere in imme- 
diate contact with the surface of evaporating liquid must become 
quickly saturated with vapour ; and but for some spontaneous means 
of removal of the vapour itself, or of the air saturated with it, from 
the surface of tho liquid, all further evaporation would be arrested. 
The nature of these spontaneous means of removal will be considered 
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presently ; but the influence of the artificial removal of the more or 
less saturated air from the surface of the evaporating liquid can be 
easily manifested. Thus on allowing a strong current of air to play 
upon a surface of ether contained in a thin glass vessel standing on a 
stratum of water, the stratum of water becomes quickly frozen by 
reason of the heat abstracted from it, in the rapid production of ether- 
vapour which takes place in the current of air. For whereas with 
the ether in the vessel left to itself, the interior of the vessel soon 
becomes saturated with ether-vapour, and further evaporation with 
correlative cooling effect is almost arrested; with a current of air 
blown on to the surface of the ether, the liquid ether is in continuous 
contact with a fresh unsaturated atmosphere, into which it continues 
to evaporate with rapidity. 

In connection with the above influences, it is observable that 
the evaporation of water from growing plants is favoured by the 
three conditions of extent of leaf surface, movement of the more or less 
dry atmosphere, and heat of the summer sun. An early and very 
striking experiment on the extent of this evaporation was made by Dr. 
Stephen Hales in 1724, and is recorded in his ‘Vegetable Statics.' 
Ho found that with a healthy full-grown sunflower more than a yard 
high, planted when young in a suitable pot, the evaporation from the 
plant itself amounted on the average to 20 ounces in a twelve hours* 
day, the maximum quantity being 30 ounces. Some very interesting 
and exact modern experiments on this subject were conducted in 1850 
by Mr. Lawes at Kothamstead. As an example of the results obtained, 
he found that a plant of barley, during a period of 172 days* growth, 
in which it acquired 419 grains of dry organic, and 46 grains of dry 
mineral matter, evaporated not less than 120,000 grains, or ujj^wards of 
17 lbs. of water ; so that for every grain of dry matter, organic and 
mineral, fixed by the plant during its period of growth, 257 grains of 
water were absorbed and evaporated. 

A most important condition affecting the rate of evaporation is the 
pressure on the surface of the volatile substance. Into a vacuum 
indeed, where there is no pressure, evaporation is practically instan- 
taneous. Thus on letting up a little water, alcohol, or ether into the 
vacuum of a barometer, the mercury is at once depressed to the maxi- 
mum extent producible by the tension of the particular vapour at the 
particular temperature. Again, on breaking a sealed bulb of iodine, 
within and at the lower end of a long sealed vacuous tube, a piece of 
starch-paper at the upper end of the tube is almost immediately 
affected by the iodine vapour. Further, the cooling consequent on 
the rapid evaporation of ether, ammonia, &c., into a vacuum, is taken 
advantage of in the construction of several well-known freezing ma- 
chines. Again, in Leslie’s celebrated experiment, the evaporation oven 
of water into a vacuotts space, from which the water-vapour is removed 
by some desiccant as fast as produced, takes place with such rapidity 
and correlative absorption of heat, as to effect the freezing of tho 
residual water from which the evaporation is proceeding. The same 
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result is effected in Wollaston’s cryophorus, the water-vapour in this 
case not being absorbed by oil of vitriol or other desiccant, but being 
simply condensed by cold applied to the other and distant bulb of the 
twice bent vacuous tube. Moreover, it was long ago shown by Daniel 
that evaporation of water into the same dry atmosphere takes place at a 
rate inversely proportioned to the pressure of the atmosphere. Thus 
in a particular set of experiments, the pressures of the air being 
30*4, 15*2, and 7*6 inches of mercury, the quantities of water eva- 
porated in half an hour were found to bo 1 * 24, 2‘ 97, and 5* C8 grains 
respectively. 

That the nature of the atmosphere into which a vapour can dis- 
tribute itself has an important influence on the rate of formation of 
the vapour may bo manifested by several experiments, in addition to 
those shown at the beginning of the lecture. Thus with a couple of 
thin glasses standing on a stratum of water, and containing each some 
rectified wood-spirit, if the one portion of spirit be blown upon by a 
strong current of hydrogen, and the other portion by a strong current 
of air, the stratum of water underlying the glass of spirit blown upon 
by the hydrogen, will alone become frozen, by reason of the excessive 
vaporization of, and heat-absorption by, the spirit in contact with the 
atmosphere ot hydrogen. Again, a series of exi)erimcnts has recently 
been made by the speaker on the relative rates of evaporation of water 
into limited atmospheres of hydrogen, air, and carbonic acid respec- 
tively, alike kept dry by contact with a large surface of oil of vitriol. 
In these experiments, tho evaporation was found to take place most 
rapidly in hydrogen, and least rapidly in carbonic acid ; and as a mean 
of seven tolei*ably concordant results, the ratio of the rate of evapo- 
ration in hydrogen to the rate of evaporation in air, under the particular 
conditions of tho experiment, was found to be as 2 ’68 : 1. 

The influence of tho particular contiguous atmosphere on the rate 
of evaporation of any particular liquid may bo, and probably is, of a 
very complex nature. There are, however, two easily intelligible 
ways in which the particular atmosphere may act by virtue of its 
specific gravity. Thus a lighter or heavier gas or vapour ascends or 
descends bodily through another at a rate proportionate to the differ- 
ence in their specific gravities, a very slight difference sufficing to 
bring about an upward or downward current of considerable activity. 
This upward or downward movement is well shown by introducing 
first heavy ether-vapour, and then light coal-gas, through a lateral 
opening made at about the middle of tho length of a tall somewhat 
wide perpendicular glass tube, open at both ends; when it will bo 
found that the other-vapour, descending by reason of its heaviness, 
can only be inflamed at tho bottom of tho tube, while the coal-gas, 
ascending by reason of its lightness, can only bo inflamed at the 
top. Now, the specific gravities of hydrogen, aqueous vapour, and 
air at tho same temperature, being to one another as the numbers 1, 
9, and 14*5 respectively, it is obvious that whereas hydrogen satu- 
rated with water-vapour is heavier than dry hydrogen, air saturated 
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with water- vapour is lighter than dry air. Accordingly, with a sur- 
face of water exposed to an atmosphere of originally dry hydrogen, 
the hydrogen in actual contact with the water will not, by becoming 
moist, acquire a tendency to rise up through the dry hydrogen, and so 
be removed from the sui^ace of the liquid ; whereas, with a surface of 
water exposed to an atmosphere of originally dry air, the air in actual 
contact with the water will, by becoming moist, acquire a tendency to 
rise up through the dry air, and so become removed from the surface 
of the liquid. And having regard to this influence alone, water when 
occupying an inferior position, should evaporate more rapidly into air 
than into hydrogen. It must be borne in mind that any given volume 
of moist air or gas is the sum of the volume of its constituent water- 
vapour, and of the volume of its constituent dry air or gas ; and that 
the tension of the moist air or gas is the sum of the tension of its 
constituent water-vapour, and of the tension of its constituent dry air 
or gas, actually or virtually expanded by the addition to it of a certain 
volume of water-vapour. So that with water boiling in a deep open 
vessel, there may exist in close proximity to each other, almost pure 
water-vapour, different mixtures of water-vapour and air, and com- 
paratively dry air, all having alike a tension of 760 millimetres of 
mercury. 

But independently of their bodily movements in the form of cur- 
rents, gases and vapours distribute themselves among one another by 
a proper molecular movement of diffusion — the relative diffusive 
mobilities of different gases or vapours being inversely as the square 
roots of their several specific gravities. Accordingly, with equal 
surfaces of water exposed respectively to an atmosphere of hydrogen 
and to an atmosphere of air, the vapour produced from the surface of 
the water is interpenetrated and distributed through the contiguous 
space with greater rapidity by the highly-diffusive hydrogen than by 
the fcebly-diffusivo air, in proportion to tlicir relative diffusion-velo- 
cities, 3*8 .and 1*0 respectively. And it is, doubtless, to the more 
rapid diffusion of hydrogen than of air into the vapour as formed, and 
the consequent more rapid supply to the liquid of an unsaturated 
atmosphere into which it can evaporate, that the mere rapid evapo- 
ration of water, ether, and wood-spirit into an atmosphere of hydrogen 
than into an atmosphere of air, as in the experiments, for instance, 
already shown and described, is substantially due. 

[W. O.] 
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On Combinations of Colour by means of Polarized Light. 

It is well known that if a beam of polarized light, whicli has passed 
through a plate of crystal, bo analyzed with a double-image prism, 
two images will be seen tinted with complementary colours. The fact 
that the colours arc complementary may be established by causing 
the images to {'vorlap, when the part of tlic field of view common to 
both will bo iound to bo white. And further, if the plate be of quartz 
cut perpendicularly to the axis, the images will change colour by a 
continuous sequence of tints when either polarizer or analyzer is 
turned continuously round. The colours so seen are, however, not 
simple colours of tho sjxjctrum, but mixed or residual tints, viz. the 
mixture of all those which remain when ono or more have been extin- 
guished. This is a direct deduction from tho principles of the wave 
theory of light ; but it was also practically demonstrated in some 
experiments which I had tho honour of laying before tho Institution 
last year. And, in fact, if we use a quartz plate of suitable thickness, 
and exiuninc the spectrum of either of the images formed by the 
analyzer, we shall find it crossed with a single dark band which moves 
along the spectrum in one direction or the other, according to the 
sense in which either polarizer or analyzer is turned 

This principle enables us to make use of polarized light for inves- 
tigating the subject of complementary colours. For if we form tho 
spectra of the two complementary images, we shall find in general that 
the dark band occupies ono position in tho ordinary, and another in 
the extraordinary image. But since tho two images are complementary 
to one another, and the part extinguished in each is complementary to 
the part which remains, it follows that tho part extinguished in one is 
tho complementary of tho part extinguished in the other. That is to 
say, the bauds in tho two spectra will always mark out two comple- 
mentary portions of tho spectrum. It must, however, bo borne in 
mind that tho bands are not sharply defined like the Fraunhofer lines 
in the solar spectrum, but they are bands with a core of minimum or 
zero illumination shading olf gradually on cither side; so rapidly, 
however, that at a short distance from the core the adjoining colours 
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apx>ear in their full natural intensity. This being so, tho tint sup- 
pressed in any band will bo a compound of portions of all the colours 
comprised within the visible limits of the band. Of tho colour cor- 
responding to the core the whole will bo suppressed, but of those on 
each side only portions, smaller and smaller as wo recede from the 
core. And if we use tho terra “ colour suppressed ” in this sense, tho 
pairs of colours determined by this meth<^ will be found to agree in 
the main with those given by Helmholtz as tho result of tho super- 
position of two spectra at right angles to one another, viz. : — 

Yellow-green, Violet ; 

Yellow, Indigo-hlue ; 

Orange, r>anie-blue; 

Red, Green-bliie. 

It will be noticed that, when one band arrives at tho green moving 
in tho direction of tho rod, the other or complementary band is just 
disappearing in the red ; but at tho same time another band is begin- 
ning to appear in the violet. We cannot therefore say that the green 
has for its complementary the red rather than the violet ; the comple- 
mentary in question is in fact a mixture of tho two, a mixture whicli, 
when taken alone, is a reddish puiqde. This result agrees with the 
conclusion derived by Helmholtz from his own experiments. 

Starting from the principle of these interference bands of polarized 
light, it occurred to mo that if two or more such bands could bo formed, 
and could be made to move independently and at pleasure' in either direc- 
tion along the spectrum, we should have tho means of at once deter- 
mining, and exhibiting, at all events the tints complementary to a 
combination of two or more bands chosen at will from the spectrum. 
And pursuing this subject further, I found not only that this is possible, 
but succeeded, by a combination of double-image prisms, actually 
to form in tho field of ^ew the tints complementary to the above- 
mentioned complemcntaries ; in other words, tints which represent tho 
mixture of tho two portions of the spectrum suppressed in the bands. 
For this purpose I have used, instead of tho ordinary polarizing appa- 
ratus, the following arrangement, reckoned from the source of light 
towards the eye or screen. First, a NicoFs prism N as polarizer, then 
a quartz plate Q, next a double-imago prism P ; after that a second 
quartz plate Q^, and finally a second double-imago prism By 
this means four images arc formed in the field of view' — say, 00, O E, 
E O, EE, whereof O O, O E, occupy tho positions of the two images 
formed by P alone ; and O O, E O, the jiositions of those formed by 
Pj alone. If for a moment we remove tho second quartz, plate, tho 
arrangement above described wdll furnish some interesting experi- 
mental illustrations of the conclusions stated by Helmholtz —viz. that 
the low tint colours (touleurs degrad^es) such as russet, brown, olive- 
green, peacock-blue, are the result of low illumination. Ho mentions 
that he obtained these effects by diminishing the intensity of the light 
in the colours to be examined, and by, at the same time, maintaining 
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a brilliantly illuminated patch in an adjoining part of the field of 
view. In accordance with what was said before, in the case where no 
quartz plate was used, it appears tliat by turning the prism Pj round, wo 
have the power of diminishing to any extent we i)leaso the intensity 
of tbe light in one pair of the complementary images, and at tlio same 
time increasing that in the other pair. Wo therefore have an equiva- 
lent of tlie conditions of Helmholtz’s experiments. The conclusions 
were verified by throwing on the screen the spectra of two similarly 
tinted iinagt's, one highly, the other feebly illuminated, wlnui it was 
found that the band occupied tlic same position in bolh s 2 >eetra. 

If a second quartz 2 )latc (J, be re-inserted be.twt'cn the prisms P, Pj, 
there will be 15 combinations of colour to consider, viz. 4 single 
images, 6 overlaps of two, 4 overlaps of three, and 1 overlap of all 
four images. 

The tints of the four single images will now be those duo to tho 
formation of two bands in spectrum of each, viz. one due to the com- 
bination Q P, the other to tlie combination Qj P^. It will therefore be 
convenient in this case to <lesignatc tlieir tints by tlu‘ lines of letters 
rei)resenting the bands ; thus, B -f- A, B -f A', IV + A, JV -f- A' ; in 
which it is to b^ understood that A, A' represent tho pair of comple- 
mentary bands formed by QP, and B, B' the 2 )air extinguished by 

Tlie following is an arrangement of the images formed by P and 
Pi, togetlier with the tints corresjumding to the bands in each 

00 

B + A 

EO OE 

B' -f- A B' + A' 

EE 

B + A' 

O 0 represents the ordinary image of P and Pj ; 0 E tlie ordi- 
nary image of Pj and the extraordinary of P ; &c. It is to bo 
observed that B 4- A, B' 4- A', occupy tho positions of tlie two 
images formed by P alone ; and B -f- A, B' -h A, those of the images 
formed by I’l alone. And it would at first sight appear tliat the 
colours suiqiressed in the first-mentioned images would be B 4- A, 
B -|- A' ; but it must bo remembered that the vibrations in the two 
images O, E, formed by P arc at right angles to one another, and 
consequently the instrumental combination Qi Pj will in forming its 
ordinary imago of A supjiress the colour B, but in the ordinary image 
of A' it will suppress its complementary B'. A similar remark applies 
to tlie other jiair of images. 

The clfeet of the combinations Qj Pj is to divide the images 0 0, 
O E, respectively into two parts, in one of which tho colour B, in tho 
other B', is suppressed. Hence the overlap of B -f- A and B' -f- A, 
will reproduce the original colour minus only tho coniplemontaries 
B, B'. This overlap may consequently be formularized thus, 
B4A4B'4'A = B4B' + 2A. 
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Similarly we may write 

IJ + A' + B' + A' = + B' + 2 A'. 

In other words, these two overlaps will be tinted with the colonrs 

A, A'. This may bo verified by taking away the combination Q, 1*1. 
And further, since the vibrations in the images B + A, B' + A, are 
at right angles to one another (as likewise are those in B A', 
B'-|- A'), it follows that when the polarizer N is turned round and tho 
images change colour, tho complementary character of tho overlaps in 
question will always bo maintained. 

The same will bo the case with the overlaps B + A, B + A' ; and 
B' + A, B' + A'. But in order to verify this in the same way as in 
the former case, viz, by taking away the combination (J 1*, it must bo 
borne in mind that the original plane of polarization must coincide 
with that of one of the images produced by (ii Pi. And it may be 
further noticed that if tho original plane of polarization be altered by 
turning the Nicol N alone, the angle between tlio primupal planes of 
P and Pj will remain the same; and consequently tlie overlaj) in 
question will continue of the same colour whatever be the position 
of N. 

Lastly, as regards the overlaps of B 4- A and B ' + A', and of 
B' 4- A and B 4 A'. It is clear that in both cases the images will 
have been deprived of the two pairs of corai)lementary colours A, A', 

B, B'; and therefore if the siqipressed colours were all of the same 
intensity the overlaps would be uniformly whit(‘ or grey. But as this 
is not the case, the parts in (question will in general be tinted with tho 
Colours complementary to tho feeblest of those suppressed. In fact, 
in the images 

B 4 A and B' 4 A', 

if A be a feeble colour,' h! will in general bo strong, and excepting 
when tho reverse is the case with B and B', the tint of B 4 A will 
depend mainly on that produced by Q P, while that of B' 4 A' will 
depend mainly on that produced by P^. Again, if in tho same 
images, B approaches to A', then will B' approach A, and the tw’o 
images will approach the same tint ; while on the other hand, under 
the same circumstances the imag< s 

B 4 A* and B’ 4 A 

will approach to complementary tints. In proportion as the common 
colour of the two first-mentioned images approaches to a grey, so will 
tho overlap of tho two last mentioned approach to white. In other 
case^ the two overlaps in question will bo of complementary tints. 

We might apply the same train of reasoning to the triple overlaps, 
but the main interest of these parts of the figure consists in this, that 
each of tho triple overlaps is complementary to tho fourth single 
image not comprised in it ; e. <7. B 4 A is complementary to 
B'4 A4B4A'4B'4A'; and similarly for the others. This 
follows from the obvious fact that tho quadruple overlap of all four 
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single images is necessarily white. But the colours suppressed in 
each single image are together complementary to the colour of the 
image. Ilcnoe the colour of any triple overlap is the same to tlio oyo 
as the mixture of the two colours suppressed in the outstanding single 
image. But since by turning the Nicol N wo can displace the two 
bands in any way we please, and also by turning Pj we can displace 
one of them in any way, we have the power of supi^ressiiig any two 
portions of the spectrum at will, and consequently of exhibiting to 
the eye the result of the combination of any two such portions. 

A further step in the combination of colour may be made by 
using a third quartz Q2, and a third double-image prism P.^, which 
will give rise to eight images ; and using symbols similar to those 
used before, wo may represent the tints sui>presBed by Q2 P2 by the 
letters C C'. The number of tints suppressed in each imago is conse- 
quently three ; and by seeking out the coinj^artments which give the 
complemontaries of each of the eight images, we shall have the repre- 
sentations of the throe tints suppressed. It is hardly necessary to point 
out that by causing different parts Q P, Qj P^, Q, P2, of the instrument 
to rotate, wo can suppress any three tints at will. The formula for 
the eight images '3'ill bo 

C+R+A or GOO 
C+B+A „ OOE 
C' + B' + A „ OEO 
C' + B + A' „ GEE 
C ' 4- B + A „ EGO 
C' + B' + A' „ EG K 
C -f IV 4. A „ EEG 
C 4 -B+A' „ EEE 


The number of combinations of tint as given by the compartments 
of the complete figure is as follows : — 


8 

1 

8 ^ 

1.2 

8.7,6 

1.2.3 
8 . 7 . 6. 5 
1 . 2 . 3. 4 

8 ^ 7.6 

172 .3 
8.7 
1.2 

8 

T 

1 


8 hingle 

28 doublo 

56 triple 

70 quadruple 

56 quiutuple 

28 sextuple 

8 septuple 
1 octuple 


or 265 in all. It is perhaps unnecessary to follow these com- 
binations out in detail, especially as the most interesting feature 
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consists in the fact that the subjoined pairs are complementary to 
one another, viz. : — 


GOG 

EGE 

0 + B + A 

C' + B' + A' 

EGO 

GOE 

0' + B + A 

C + B' + A' 

EEO 

GEE 

0 + B' + A 

C' + B + A' 

EEE 

GEO 

C + B + A' 

C' + B' + A 


Having this table in view, the application of the fignre to the visible 
representation of the mixture of colours is simpler in this case than in 
that of four images ; for to each single image corresponds as comple- 
mentary another single image, and we can at once read off the results 
requir^ without seeking any overlaps. 

When the doublo-image prisms are so arranged that the separa- 
tions due to P, Pj, P2, are directed parallel to the sides of an equi- 
lateral triangle respectively, it is not difficult to read off the images 
in pairs. The scheme of images may then bo disposed as follows, viz. : 

GEO 000 

EEO EGO GEE GGE 
EEE EGE 

And the pairs will be road off two horizontally and two vertically, by 
taking alternate images in each horizontal and in each vertical row, 
thus : — 

GOG, E G E ; 

EGG, GOE; 

EEO, GEE; 

EEE, GEO. 


[W. S.] 



Friday, April 24, 1874. 


Geougb Busk, Esq. F.K.S. Treasurer and Vice-President, 
in the Chair. 

Chaelks Watkins Merrifield, Esq. F.E.S. 

On Sea Waves, 

The speaker, in beginning his discourse, pointed out the special 
importance, in understanding the subject, of knowing that tlie advance 
of a wave is neither necessarily nor generally accompanied by any 
corresponding advance of the water itself. There are many other forms 
of motion in which this advance of form only occurs ; and he exhibited 
large models ol screvvs, pointing out that when tlie barrel on whicli 
the screw is cut is simply turned round without advancing, the 
screw-thread appears to advance like a series of waves ; but that when 
the screw works in a nut, so that the screw advances, then the screw- 
thread remains apparently at rest. In the same way, in sea waves 
which appear to advance rapidly the water has no sc^nsible motion of 
advance, while in the series of waves often seen below a bridge or 
shoal in a rapid river the water does advance, and the waves stand 
still. 

What really constitutes a wave is tliat each particle of water shall 
go through the same little dance of its own, while the successive 
particles “ take up the dance ” in regular order. There will then bo 
a wave or series of waves, whether there bo any general movement or 
current in the water or not. 

As the motion of a troubled sea is too complex to be understood 
without first considering the simpler forms of wave-motion, the 
speaker selected for illustration the simple succession of waves called 
“ swell,” or smooth ground-sea of deep water. This, ns is well known, 
consists of a scries of long unbroken ridges of water, apparently moving 
with considerable speed and force ; yet, what the particles of water 
are actually doing is simply going round and round in circles in 
vortical planes ; these planes being at right angles to the lines of the 
ridges, and the diameters of the circles being the height of the wave 
from valley to crest. There is no appreciable advance of the water ; 
the advance of the wave being duo to the particles taking up the dance 
in regular succession. If a disk or circle be roIliHl along the foot of 
a wall, a nail sticking out from it anywhere between its centre and its 
edge would trace on the wall the same curves (only upside down) as 
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the profiles of the wave. A screw-thread drawn in suitable perspective 
also gives the same curves. 

After giving this general notion of the sea wave, Mr. Morrifield 
pointed out its internal mechanical structure, showing that it consists of 
a series of undulating stratified layers (forming horizontal planes when 
the water is still), which undergo no mixing with one another. In the 
same way the water may be also ideally separated into vertical columns, 
which again do not mix, but only sway to and fro like stalks of barley 
when the wind sweeps over the field of com. Only in the sea waves 
the columns lengthen as the wave crest approaches and shorten after 
it has passed away, always loaning towards the crest of the wave. 
The swell or ground-sea of deep water thus simply heaves the mass of 
water without stirring or mixing it, and without any general motion 
of advance, notwithstanding the apparent rapid motion of the waves, 

In this absolute form the kind of w’ave described is pcrhiips rather 
the limiting condition which the waves tend to assume when left to 
the action of gravity alone than a state of things absolutely realized. 
Still, the departure from it is much smaller than might be supposed ; 
and the apparent confusion of motion, when once the wind ceases, is 
rather due to several systems of swell, of different dimensions, existing 
at the same time and place, than to any essential difference in the 
character of the motion. After some details respecting the combination 
of waves and their height and length, the discourse was concluded 
with some remarks on waves of shallow water, and on the formation 
of waves in a rising storm. The iUustrations consisted of diagrams 
and models. 



Friday, January 15, 1875. 

(tieohgk Busk, Esq. F.R.S. Treasurer and Vice-President, in 
the Chair. 

Professor Tyndall, D.C.L. LL.D. F.R.S. M.R.I. 

On Acoustic Eeversihilitt/, 

On the 21st and 22nd of June, 1822, a Commission appointed by the 
Bureau of Longitudes of Franco executed a celebrated series of experi- 
ments on the velocity of sound. Two stations had been chosen, the 
one at Villc juif, the other at Montlhery, both lying south of Paris, and 
11 '6 miles distant from each other. Prony, Mathicu, and Arago 
were the obsei>v<?ra at Villejuif, while Humboldt, Bouvard, and Gay- 
Lussac were at Montlhery. Guns, charged sometimes with 2 lb. and 
sometimes with 3 lb. of powder, were fired at both stations, and the 
velocity was deduced from the interval between the appearance of 
the flash and the arrival of the sound. 

On this memorable occasion an observation was made which, as far 
as I know, has remained a scientific enigma to the present hour. It 
was noticed that while every report of tlie cannon fired at Montlhery 
was heard with the greatest distinctness at Villejuif, by far the greater 
number of the reports from Villejuif failed to reach Montlhery. Had 
wind existed, and had it blown from Montlhery to Villejuif, it would 
have boon recognized as the cause of the observed difference ; but the 
air at the time was calm, the slight motion of translation actually 
existing being from Villejuif tow^ards Montlhery, or against the 
direction in which the sound was best heard. 

So marked was the difference in transmissive power between the 
two directions, that on the 22nd of Juno, while every shot fired at 
Montlhery was heard “ a merveillo ” at Villejuif, but one shot out of 
twelve fired at Villejuif was heard, and that feebly, at the other 
station. 

With the caution which characterized him on other occasions, and 
which has been referred to admiringly by Faraday,* Arago made no 
attempt to explain this anomaly. His words are : “ Quant aux 
differences si remarquables d’intonsite que le bruit du canon a toujours 
presentes suivant qu’il so propageaient du nord au sud entro Villejuif 
ot Montlhery, ou du sud au nord entro cette seconde station et la 
premiere ; nous ne chercherons pas aujourd^hui i\ Texpliquer, parce- 


* Researches in Chemistry and Pliyaics,’ p. 484, 
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quo nous ne pourrions ofErir au looteur que des conjectures denudes 
de preuves.”* 

I have tried, after much perplexity of thought, to bring this sub- 
ject within the range of experiment, and have now to submit a 
possible solution of the enigma. The first step was to ascertain 
whether the sensitive fiame referred to in my recent paper in the 
‘ Philosophical Transactions * could be safely employed in experi- 
ments on the mutual reversibility of a source of sound and an object 
on which the sound impinges. Now the sensitive flame usually 
employed by me measures from 18 to 24 inches in height, while the 
reed employed as a source of sound is less than a square quarter of an 
inch in area. If, therefore, the whole flame, or the pipe which fed it, 
were sensitive to sonorous vibrations, strict experiments on rever- 
sibility with the reed and flame might be difficult, if not impossible. 
Hence my desire to learn whether the seat of sensitiveness was so 
localized in the flame as to render the contemplated interchange of 
flame and reed permissible. 

The flame being placed behind a cardboard screen, the shank of a 
funnel passed through a hole in the cardboard was directed upon the 
middle of the flame. The sound-waves issuing from the vibrating reed 
placed within the funnel produced no sensible effect upon the flame. 
Shifting the funnel so as to direct its shank upon the root of the 
flame, the action was violent. 

To augment the precision of the experiment, the funnel was con- 
nected with a glass tube three feet long and half an inch in diameter, 
the object being to weaken by distance the effect of the waves 
diflracted round the edge of the funnel, and to permit those only 
which passed through the glass tube to act upon the flame^ 

Presenting the end of the tube to the orifice of the burner (6, 
h'ig. 1), or the orifice to the end of the tube, the flame was violently 



agitated by the soimding-recd, R. On shifting the tube, or the burner, 
so as to concentrate the sound on a portion of the flame about half an 
inch above the orifice, the action was nil. Concentrating th0 sound 


* ‘ Connaissanoc des Temps,* 1825, p. 370. 
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upon the burner itself about half an inch below its orifice, there was 
no action. 

These experiments demonstrate the localization of “ the seat of 
sensitiveness,” and they prove the flame to be an appropriate instru- 
ment for the contemplated experiments on reversibility. 

The experiments proceeded thus: The sensitive flame being 
placed close behind a screen of cardboard 18 inches high by 12 inches 
wide, a vibrating reed, standing at the same height as the root of the 
flame, was placed at a distance of six feet on the other side of the 
screen. The sound of the reed, in this position, produced a strong 
agitation of the flame. 

The whole upper half of the flame was hero visible from the reed ; 
hence the necessity of the foregoing experiments to prove the action 
of the sound on the upper portion of the flame to be nil, and that the 
waves had really to bend round the edge of the screen so as to reach the 
seat of sensitiveness in the neighbourhood of the oritice of the burner. 

The positions of the flame and reed were reversed, the latter being 
now close behind the screen, and the former at a distance of six feet 
from it. The sonorous vibrations were without sensible action upon 
the flame. 

The experimeut was repeated and varied in many ways. Screens 
of various sizes were employed ; and instead of reversing the positions 
of the flame and reed, the screen was moved so as to bring, in some 
experiments the flame, and in other experiments the reed, close behind 
it. Care was also taken that no reflected sound from the walls or 
ceiling of the laboratory, or from the body of the experimenter, should 
have anything to do with the effect. In all cases it was shown that 
the sound w^as effective when the reed was at a distance from the 
screen and the flame close behind it ; while the action was insensible 
when these positions were reversed. 

Thus, let s e, Fig. 2, bo a vertical section of the screen. When the 
reed was at A and the flame at B there was no action ; when the reed 

Fia. 2. 

8 


AC B 


e 

was at B and the flame at A the action was decided. It may be added 
that the vibrations communicated to the screen itself, and from it to 
the air beyond it, were without effect ; for when the reed, which at B 
is effectual, was shifted to C, where its action on the screen was 
greatly augmented, it ceased to have any action on the flame at A. 

We are now, I think, prepared to consider the failure of rever- 
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Bibility m the larger experiments of 1822. Happily an incidental 
observation of great significance comes here to our. aid. It was 
observed and recorded at the time, that while the reports of the guns 
at Villejuif were without echoes, a roll of echoes, lasting from 20 to 
26 seconds, accompanied every shot at Montlh6ry, being heard by the 
observers there. Arago, the writer of the report, referr^ these echoes 
to reflection from the clouds, an explanation which I think we ore 
entitled to regard as problematical. The report says that “ tous los 
coups tires a Montlhery y 6taient accompagnes d’un rouloment 
semblable h celui du tonnerre.” I have italicized a very significant 
word — a word which fairly applies to our experiments on gun-sounds at 
the South Foreland, where there was no sensible solution of continuity 
between explosion and echo, but which could hardly apply to echoes 
coming from the clouds. For supposing the cloud to have been only 
a mile distant, the sound and its echo would have been separated by 
an interval of nearly ten seconds. But there is no mention of any 
interval ; and had such existed, surely the word “ followed,” instead 
of “ accompanied,” would have been the one employed. The echoes, 
moreover, appear to have been continuous^ while the clouds observed 
seem to have been separate. “ Ces phenom^nes,” says Arago, “ n’ont 
jamais eu lieu qu’au moment de Tapparition do quelques nuages.” 
But from separate clouds a continuous roll of echoes could hardly 
come. When to this is added the experimental fact that clouds far 
denser than any ever formed in the atmosphere are demonstrably 
incapable of sensibly reflecting sound, while cloudless air, which 
Arago pronounced echoless, has been proved capable of powerfully 
reflecting it, I think wc have strong reason to question the hypothesis 
of the French philosopher. 

And considering the hundreds of shots fired at the SoutlTPoreland, 
with the attention specially directed to the aerial echoes, when no 
aingle case occurred in'which echoes of measurable duration did not 
ac^mpanj the report of the gun, I think Arago’s statement that at 
Villejuif no echoes were heard, when the sky was clear, must simply 
mean that they vanished with great rapidity. Unless the attention 
were specially directed to the point, a slight prolongation of the 
cannon-sound might well escape observation ; and it woSd bo all the 
more likely to do so if the echoes were so loud and prompt as to form 
apparently part and parcel of the direct sound, 

I should be very loth to transgress here the limits of fair criticism, 
or to throw doubt, without good reason, on the recorded observations 
of illustrious men. Still, taking into account what has been just 
stated, and remembering that the minds of Arago and his colleagues 
were occupied by a totally different problem — that the echoes were an 
incident rather than an object of observation — I think we may justly 
consider the sound which ho called “ instantaneous ” to haVe been 
one whose aerial echoes did not differentiate themselves from the 
dir^t sound by any noticeable fall of intensity, and whidh died 
rapidly into silence. 
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Turning now to the observations at Montlhery, we are struck by 
the extraordinary duration of the echoes heard at that station. At the 
South Foreland the charge habitually fired was equal to the largest 
of those employed by the French philosophers ; but on no occasion 
did the gun-sounds produce echoes approaching to 20 or 25 seconds* 
duration. The time rarely reached half this amount. Even the 
syren-echoes, which were more remarkable and more long-continued 
than those of the gun, never reached the duration of the Montlhery 
echoes. The nearest approach to it was on the 17th of October, 1873, 
when the syren-echoes required 15 seconds to subside into silence. 

On this same day, moreover (and this is a point of marked signi- 
ficance), the transmitted sound reached its maximum range, the gun- 
sounds being heard at the Quenocs buoy, 16 J nautical miles distant from 
the South Foreland. 1 have stated in another place that the duration 
of the air-echoes indicates “ the atmospheric depths ** from which they 
come.* An optical analogy may help us here. Let light fall upon 
chalk, the light is wholly scattered by the superficial particles ; let 
the chalk bo powdered and mixed with water, light reaches the observer 
from a far greater depth of the turbid liquid. The solid chalk typifies 
the action of «»'jr;''^edingly dense acoustic clouds ; the chalk and water 
that of clouds of moderate density. In the one case we have echoes 
of short, in the other echoes of long duration. These considerations 
prepare us for the inference that Montlhery, on the occasion referred 
to, must have been surrounded by a highly diacoustic atmosphere ; 
while the shortness of the echoes at Villejuif shows the atmosphere 
surrounding that station to have been acoustically opaque. 

Have we any clue to the cause of tho opacity ? I think wo have. 
Villejuif is close to Paris, and over it, with the observed light wind, 
was slowly wafted tho air from the city. Thousands of chimneys to 
windward of Villejuif were discharging their heated currents ; so that 
an atmosphere nou-homogeneous in a high degree must have sur- 
rounded that station. At no great height in the atmosphere the 
equilibrium of temperature would be established. This non homo- 
geneous air, surrounding Villejuif, is experimentally typified by our 
screen with the source of sound close behind it, the upper edge of the 
screen representing the place where equilibrium of temper ature was 
established in the atmosphere above the station. In virtue of its 
proximity to the screen, the echoes from our sounding-reed would, in 
the case here supposed, so blend with the direct sound as to bo prac- 
tically indistinguishable from it, as the echoes at Villejuif followed 
tho direct sound so hotly, and vanished so rapidly, that they escaped 
observation. And as our sensitive flame, at a distance, failed to be 
affected by the sounding body placed close behind the cardboard 
screen, so, I take it, did the observers at Montlhery fail to hear the 
sounds of tho Villejuif gun. 

* ‘ Phil. Trans.’ 1874, pt. i. p. 202. 
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Something further may be done towards the experimental elucida- 
tion of this subject. The facility with which sounds pass through 
textile fabrics has been already illustrated,* a layer of cambric or 
calico, or even of thick flannel or baize, being found competent to in- 
tercept but a small fraction of the sound from a vibrating reed. Such 
a layer of calico may be taken to represent a layer of air diflerentiated 
from its neighbours by temperature or moisture ; while a succession 
of such sheets of calico may be taken to represent successive layers of 
non-homogeneous air. 

Two tin tubes (M N and O P, Fig. 3) with open ends were placed 
so as to form an acute angle with each other. At the end of one was 
the vibrating reed r; opposite the end of the other, and in the pro- 
longation of P O, the sensitive flame /* a second sensitive flame (/') 
being placed in the continuation of the axis of M N. On sounding the 
reed, the direct sound through M N agitated the flame f'. Introducing 
the square of calico a & at the proper angle, a slight decrease of the 
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action on f was noticed, and the feeble echo from a h produce^a barely 
perceptible agitation of the flame /. Adding another square, c d, the 
sound transmitted by a 6^ imping^ on cd\ it was partially echoed, 
returned through a h, passed along P O, and still further agitated the 
flame /. Adding a third square, ef, the reflected sound was still further 
augmented, every accession to the echo being accompanied by a corre- 
sponding withdrawal of the vibrations from /' and a consequent 
stilling of that flame. 

With thinner calico or cambric, it would require a greater number 
of layers to intercept the entire sound ; hence with such cambric we 
should have echoes returned from a greater distance, and therefore of 
greater duration. Eight layers of the calico employed in those experi- 
ments, stretched on a wire frame and placed close together as a kind 
of pad, may be taken to represent a dense acoustic cloud. Such a 
pad, placed at the proper angle beyond N, cuts off the sound, ^hich 
in its absence reaches /', to such an extent that the flame /', when 
not too sensitive, is jthereby stilled, while / is far more powerfully 
agitated than by the reflection from a single layer. With the source 


• ‘ Phil Trans ’ 1874, pt. i. p. 208. 



LIBRARY OF SCIENCE 


419 

of Bonnd close at hand, the echoes from snch a pad would be of 
insensible duration. Thus close at hand do I suppose the acoustic 
clouds surrounding Yillejuif to have been, a similar shortness of echo 
being the consequence.* 

A further step is here taken in the illustration of the analogy 
between light and sound. Our pad acts chiefly by internal reflection. 
The sound from the reed is a composite one, made up of partial 
sounds differing in pitch. If these soimds be ejected from the pad in 
their pristine proportions, the pad is acoustically white ; if they 
return with their proportions altered, the pad is acoustically coloured. 
In these experiments my assistant, Mr. Cottrell, has rendered me 
material assistance. 

[J. T.] 


* Since this was written I have sent the eouTid through fifteen layers of 
calico, and echoed it buck tlirough the sjimo layers, in strength sufficient to 
agitate the flame. Thiity layers were here crossed by the sound. The sound 
was subsequently found able to penetrate two hundred layers of cotton net ; a 
single layer of wetted calico being competent to stop it. 




Friday, March 6, 1876. 

Geobge Busk, Esq. F.R.S. Treasurer and Vice-President, 
in the Chair. 

The Lord Eayleigh, M.A. F.E.S. M.K.I. 

On the Dissipation of Energy, 

The second law of thermodynamics, and the tlioory of dissipation 
founded upon it, has been for some years a favourite subject with 
mathematical physicists, but has not hitherto received full recognition 
from engineers and chemists, nor from the scientific public. And 
yet the question under what circumstances it is possible to obtain 
work from heat is of the first importance. Merely to know that 
when work is done by means of heat, a so-called equivalent of heat 
disappears is a very small part of what it concerns us to recognize. 

A heat engine is an apparatus capable of doing work by means of 
heat supplied to it at a high temperature and abstracted at a lower, 
and thermodynamics shows that the fraction of the heat supplied 
capable of conversion into work depends on the limits of temperature 
between which the machine operates. A non-condensing steam 
engine is not, properly speaking, a heat engine at all, inasmuch as it 
requires to be supplied .with water as well as heat, but it may bo 
treated correctly as a heat engine giving up heat at 212^ Fahr. This 
is the lower point of temperature. The higher is that at which the 
water boils in tho boiler, perhaps 360° Falir. The range of tempera^ 
ture available in a non-condensing steam engine is therefore small at 
best, and the importance of working at a high pressure is very 
apparent. In a condensing engine the heat may be delivered up 
at 80° Fahr. 

It is a radical defect in the steam engine that the range of tempe- 
rature between the furnace and the boiler is not utilized, and it is 
impossible to raise the temperature in the boiler to any great extent, 
in consequence of the tremendous pressure that would then bo 
developed. There seems no escape from this difficulty but in tho use 
of some other fluid, such as a hydrocarbon oil, of much higher boiling 
point. The engine would then consist of two parts — an oil engine 
taking in heat at a high temperature, and doing work by means of the 
fall of heat down to the point at which a steam engine becomes available, 
and secondly a steam engine receiving the heat given out by tho oil 
engine and working down to tho ordinary atmospheric tompcratui*e. 
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Heat engines may be worked backwards, so as by means of work 
to raise heat from a colder to a hotter body. This is the principle of 
the air or ether freezing machines now coming into extensive use. In 
this application a small quantity of work goes a long way, as the 
range of temperature through which the heat has to bo raised is but 
small. 

If the work required for the freezing machine is obtained from a 
steam engine, the final result of the operation is that a fall of heat in 
the prime mover is made to produce a rise of heat in the freezing 
machine, and the question arises whether this operation may bo 
eftected without the intervention of mechanical work. The problem 
hero proposed is solved in Carre’s freezing apparatus, described in 
most of the text-books on heat. There are two communicating 
vessels, A and 13, which are used alternately as boiler and condenser. 
In the first part of the operation aqueous ammonia is heated in A, 
until the gas is driven off and condensed under C()usid(*rable pressure 
in B, which is kept cool with water. Here we have a fall of heat, the 
absorption taking place at the high temperature and the emission at 
the lower. In the second j^art of the operation A is kept cool, and 
the water in it woon recovers its power of absorbing the ammonia gas, 
which rapidly distils over. The object to be cooled is placed in 
contact with B, and heat passes from the colder to the hotter body. 
Finally the apparatus is restored to its original condition, and there- 
fore satisfies the definition of a heat engine. M. Carre has invented a 
continuously working machine on this principle, which is said to ho 
very efficient. 

Other freezing arrangements depending on stdution or chemical 
action may bo brought under the same princijile, if the cycle of 
operations be made complete. 

When lieat passes from a hotter to a colder body without pro- 
ducing work, nr some equivalent effect such as raising other heat from 
a colder to a hotter body, eii(‘rgy is said to be dissipated, and an 
opportunity of doing work lias been lost n ver t) return. If on the 
other hand the fall of heat is fully utilized, there is no dissipation, as 
the original condition of things might be restored at pleasure ; but in 
practice tlie full amount of work can never bo obtained, in consequence 
of friction and the other imperfections of our machines. 

The prevention of unnecessary dissipation is the guide to economy 
of fuel in industrial operations. Of this a good example is aiBforded 
by the regenerating furnaces of Mr. Siemens, in which the burnt 
gases arc passed through a passage stacked with fire-bricks, and are 
not allowed to escape until their temperature is reduced to a very 
moderate point. After a time the products of combustion are passed 
iuto another passage, and the unbumt gaseous fuel and air are intro- 
duced through that which has previously been heated. The efficiency 
of the arrangement depends in great degree on tJie fact that the cold 
fuel is brought first into contact with the colder parts of the flue, and 
does not take heat from the hotter parts until it has itself become hot. 
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In this way the fall of heat is never great, and there is comparatively 
little dissipation. 

The principal difficulty in economy of fuel arises from the fact 
that the whole fall of heat from the temperature of the furnace is 
seldom available for one purpose. Thus in the iron smelting furnaces 
heat below the temperature of melting iron is absolutely useless. 
But when the spent gases are used for raising steam, the same heat is 
used over again at another part of its fall. There is no reason why 
this process should not be carried further. All the heat discharged 
from non-condensing steam engines, which is more than nine-tenths of 
the whole, might be used for warming or drying, or other operations 
in which only low temperature heat is necessary. 

The chemical bearings of the theory of dissipation are very im- 
portant, but have not hitherto received much attention. A chemical 
transformation is impossible, if its occurrence would involve the 
opposite of dissipation (for which there is no convenient word) ; but it 
is not true, on the other hand, that a transformation which would 
involve dissipation must necessarily take place. Otherwise the ex- 
istence of explosives like gunpowder would bo impossible. It is 
often stated that the development of heat is the criterion of the 
possibility of a proposed transformation, though exceptions to this 
rule are extremely well-known. It is sufficient to mention the solution 
of a salt in water This operation involves dissipation, or it would 
not occur, and it is not difficult to see how work might have been 
obtained in tl.o process. The water may be placed under a piston in 
a cylinder maintained at a rigorously constant temperature, and the 
piston slowly raised until all the water is evaporated, and its tension 
reduced to the point at which the salt would begin to absorbjt at the 
temperature in question. After the salt and vapour are in contact 
the piston is made to des^cend until the solution is effected. In this 
process work is gained, since the pressure under the piston during 
the expansion is greater than at the corresponding stage of the contrac- 
tion. If the salt is dissolved in the ordinary way energy is dissipated, 
an opportunity of doing work at the expense of low temperature heat 
has been missed and will not return. 

The difficulty in applying thermodynamical principles to chemistry 
arises from the fact that chemical transformations cannot generally 
be supposed to take place in a reversible manner, even although 
unlimited time be allowed. Some progress has, however, recently 
been made, and the experiments of Debray on the influence of 
pressure on the evolution of carbonic anhydride from chalk throw 
considerable light on the matter. By properly accommodating the 
pressure and temperature, the constituents of chalk may bo separated 
or recompounded without dissipation, or rather dissipation may 
theoretically bo redefeed without limit by making the operation slowly 
enough. 

The possibility of chemical action must often depend on the density 
of the reacting substances. A mixture of oxygen and hydrogen in the 
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proper proportions may be exploded by an electric spark at the atmo- 
spheric pressure, and energy will be dissipated. In this operation 
the spark itself need not be considered, as a given spark is capable of 
exploding any quantity of gas. Suppose, now, that previously to ex- 
plosion the gas is expanded at constant temperature, and then after 
explosion brought back to the former voliune. Since in the combina- 
tion there is a condensation to two-thirds, the pressure required to 
compress the aqueous vapour is less than that exercised at the same 
volume by the uncombined gases, and accordingly work is gained on 
the whole. Hence the explosion in the expanded state involves less 
dissipation than in the condensed state, and the amount of the difference 
may be increased without limit by carrying the expansion far enough. 
It follows that beyond a certain point of rarity the explosion cannot 
be made, as it could not then involve any dissipation. But although 
the tendency to combine diminishes as the gas becomes rarer, the heat 
developed during the combination remains approximately constant. 

It must be remembered that the heat of combination is generally 
developed at a high temperature, and that therefore work may be 
done during the cooling of tbe products of combustion. If, therefore, 
it is a necessity. of the case that the act of combustion should take 
place at a high temperature, the possibility of explosion will cease at 
an earlier point of rarefaction than would otherwise have been the 
case. 

It may probably bo found that many mixtures which show no 
tendency to explode under ordinary conditions will become explosive 
when suflSciently condensed. 

[R.] 



Friday, April 30, 1875. 


Warren Db la Eub, Esq. D.C.L. F.R.S. Vico-Prcsidout, 
in the Chair. 

Walter Noel Hartley, F.C.S. 

DFMO^STRATOR Olr CIirMlSTRT, KlN&’s OOLLhOK, LOVDON, 

On the Action of Heat on Coloured Liquids, 

All substances whatever may be divided into two classes, the coloured 
and the colourless. By simple inspection it is impossible to dis- 
tinguish one colourless liquid from another, but the case is very 
different with coloured substances. In dealing with compound sub- 
stances derived from the metals, wc find generally that a certain colour 
is characteristic of a certain metal. Thus a blue is the tint which 
prevails in most compounds containing copper, while green is 
characteristic of nickel, and pink or red of cobalt. If we examine tho 
colour of a metallic solution by transmitting light through it, and 
analyzing this light with a prism, as Dr. Gladstone did in the year 
1857,* we then get a spectrum which serves in some degree to identify 
the metal present in the solution. Taking, for example, thre?? liquids 
containing the same metal — a green, a purple, and a rod solution — tho 
green chloride, the purple sulphate, and the red oxalate of chromium, 
we have such a diversity of behaviour with chemical reagents, and 
such a variety of tints, that it is not an easy matter to recognize the 
presence of the same base unless the light transmitted by those 
solutions is analyzed by the prism, and if this bo done in a wedge- 
sbaped cell, we have the advantage of seeing through many difibront 
thicknesses of liquid at one glance. We then get a spectrum in each 
case with chromium compounds, which has a groat similarity, its 
chief characteristic being that the red, green, and blue rays are trans- 
mitted, while all the yellow are cut out. It has long been known that 
certain metallic solutions darken on exposure to heat, and in this way 
prisoners sometimes effect a secret correspondence outside tho prison 
walls. The method consists in writing with an invisible solution 
between the lines of their letters, which is afterwards developed by 
those who are in thq,secret. Such solutions have been called sympa- 
thetic inkfl, and one in particular, called Hellot’s sympathetic ink, is 


* 


Proceedings of the Royal Institution 
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tho chloride of cobalt, which being of a pale pink colour, in the state 
of a dilute solntioTi, on drying and heating turns a very dark blue. 
Writing executed with this ink is all but invisible until a hot iron bo 
passed over it, when it appears beautifully distinct, and on cooling 
disappears again. Tho Fenian criminal, Barrett, when confined in 
tho House of Detention, was found to have in his possession a small 
tube containing chloride of gold : in tho woollen stockings sent to 
liim was noticed some white powder, which could bo shaken out. 
This was evidently for tho purpose of secret correspondence. The 
powder was found to bo sulphate of iron ; writing with a dilute 
solution of chloride of gold would bo invisible until washed over with 
sulphate of iron, which solution dovelopes the characters. Tho blue 
colour of cobalt chloride (Hellot s ink) is more easily produced if the 
salt be mixed with calcium chloride ; such a mixture is that used for 
tho little instrument called tho chameleon barometer. This, which 
is in reality a hygrometer, or an indicator of the amount of moisture 
in the air, consists simply of a piece of paper soaked in the two solu- 
tions, protected by a glass and frame. The way in which it is 
differently affected by dry and moist air may bo easily seen. Placing 
two of those under different boll-jars, one containing a little vessel of 
oil of vitriol, Vuich dries the air, the other a little water, which of 
course keeps it moist, tho paper in the former will bo blue, and that 
in the latter red ; then, if their places bo changed their colours change. 
That a solution of cobalt chloride could be turned blue by tho addition 
of hydrochloric acid, of sulphuric acid, of alcohol, or of chloride of 
calcium, has for some time been known ; it has also been noticed that 
nil acid solution of chloride of cobalt, red at an ordinary temperature, 
becomes blue if heated, such being also tho case with a dilute solution 
containing alcohol ; furthermore, that a dilute solution, if heated 
under pressure in scaled tubes to a higher temperature than that of 
boiling water, becomes blue. 

In 1871 I fomid that a strong perfectly neutral aqueous solution 
of tho purest cobalt cliloride, which had been prepared from Claudet^s 
salt, changed colour with the greatest possible ease upon heating. 
A small tube-full held in the hand changed from deep crimson 
to a decided purple tint in a few minutes ; a little of the solution 
smeared over tho fingers soon became blue; and a quantity of the 
liquid heated in an open dish became blue at 70° C. It was noticed 
that a very small tube of flattened glass, containing a solution of 
cobalt chloride, which was perfectly transparent when cold, upon 
heating to 70° C. became quite opaque. It was evident that tho 
change from red to blue noticed was not simply a difference in 
^efrangibility of tho transmitted light, but an increase in tho quantity 
of light absorbed by the solution. Hence it appeared to be a matter 
of groat interest to examine tho change of colour by means of the 
spectroscope, and even to go beyond this, and examine the action of 
heat on all coloured liquids by the same means, but especially was it 
expected that tho bromide and iodide of cobalt would yield intensified 
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effects of the same kind. Observations have been made on about sixty 
different solutions, most of which were prepared from metallic salts. 
Many of these compounds had been but imperfectly examined, while 
others were quite new. The solutions wore generally made by 
allowing cold water to stand for some days with the crystallized salt, 
giving it frequent agitation. 

The examinations were made in wedge colls out out of blocks of 
glass, and polished ; one side of the cell was made by fixing on a 
piece of plate-glass by means of a screw clump. Two sizes of these 
hollow wedges were used to facilitate the examination of liquids of 
different intensities of colour. They were each of the same height, 
namely, three-quarters of an inch, ^e larger colls being at their 
thickest part three-quarters of an inch, diminishing to nothing ; the 
smaller being not more than three-sixteenths of an inch thick. The 
refraction caused by the thick wedge of liquid was corrected by the 
wedge of glass which formed one side of the cell. A little copper 
hot-air cupboard, with two opposite sides of easily removable plates 
of gloss, was used for heating the wedges filled with liquid. These 
wedges were covered with plates of glass, as far as possible to pre- 
vent evaporation. Sunlight was used when possible, and in many 
cases when this was impossible an argand gas burner was used, of 
such a construction that oxygen gas could be blown into the flame to 
increase the brilliancy and whiteness of the light. 

The spectra of metallic solutions wore noticed as being principally 
of three kinds : those caused by the uninterrupted transmission of 
certain rays, such as the blue by salts of copper and the green by 
nickel ; those consisting of continuous spectra interrupted by sharp 
black bands, such as didymium and uranium salts yield ; those 
resulting from two groups of rays of different refrangibilitics, as the 
green and red seen in chromium salts, and the blue and red in cobalt 
compounds. Such spectra are those of dichroic solutions. The 
difference ^tween monochroic and dichroic solutions is easily shown 
in the following manner, thus : when the spectrum of the electric lamp 
is thrown on to the screen, and a cell containing sulphate of copper 
or nickel is interposed, a simple green band of light appears ; if, instead 
of a spectroscope slit, a round disk is used, only one imago of this is 
seen ; and if the image of the carbon points of the electric lamp bo 
thrown on to the screen, when a prism is interposed containing 
nickel solution, one image, and that a groen one, is formed. Taking a 
dichroic liquid such as chrome alum, we get a spectrum consisting of 
red and green rays, separated by a band of darkness ; a disk of light 
becomes resolved into two, one of a rich red and the other of a green 
tint, both colours of great beauty ; where the two disks overlap the 
original colour of the liquid is formed. 

If we project tha image of the carbon points through a hollow 
prism of the liquid, two images are formed, one red, the other green. 
Precisely the same thing occurs with cobalt chloride, but thd two 
colours are purple and orange. 
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The amount of absorption of light taking place in different thick- 
nesses of a solution is easily observed when wedge cells are used, and 
it is thus easy to ascertain what change will take place on diluting the 
liquid, provided water is without chemical action. Liquids presenting 
a wedge-shaped spectrum alter in colour on dilution, in the ratio 
indicated by the relation of the angle of the wedge-shaped spectrum 
to that of the wedge cell. These solutions, liaving spectra bounded by 
perpendicular straight lines, are only slightly affected by dilution. 
Some crystallized cliromato of potash was dissolved in as little water 
as possible, forming a beautiful canary yellow colour. This, when 
diluted to 12,000 times the original weight of the salt, was not 
greatly altered, the change being not in depth of tint but in 
brilliancy. Permanganate of potash shows five black lines in the 
green portion of the spectrum when much diluted with water, and 
three of these are perfectly well seen when looking through half an 
inch of liquid which contains only one part of the salt in 118,000 
parts of water. The loss of colour caused by the dilution of ammonio- 
cbloride of palladium is indicated by its wedge-shaped spectrum, and 
was illustrated by dissolving one grain weight of the salt in water and 
diluting the dark brown liquid till the colour disappears ; a pint and 
a half of water was sufficient for the purpose. On repeating the 
experiment with permanganate of potash the liquid remained of a 
beautiful pink colour, even after five gallons of water had been added. 

It is a remarkable fact, that although the first step in practical 
chemistry is the solution of a substance in water, it has hitherto not 
been ascertained what really takes place when this operation is per- 
formed, consequently we are in ignorance of the chemical constitution 
of the resulting liquid. The chief reason for undertaking this 
investigation was the hope that this question, to which very doubtful 
and unsatisfactory answers could alone bo given, might bo finally 
decided, and the work recorded has been well bestowed on the subject. 

Most metallic salts form combinations with water; the ordinary 
carbonate of soda (washing soda) is the carbonate of the metal united 
with ten molecules of water, which may bo separated in the form of 
steam by heating to 100° C. It therefore contains not far from two- 
thirds of its weight of water, and many other salts combine with 
water in the same way. Carbonate of soda, however, is colourless ; 
but many coloured substances combine with different proportions of 
water to form compounds varying in colour; thus wo see in the 
accompanying tabular statement the variation between the colour of 
the anhydrous salts and their different combinations with water are 
very striking. Many compounds do not lose all their combined water 
at 100° C., and these salts are amongst the number. 

It is a remarkable fact the substances named in the following table 
are those which change colour most notably on heating their solutions, 
hence a number of conclusions havo.been arrived at as to the internal or 
molecular structure of these solutions. The spectroscope itself would 
be quite unavailable in giving us the desired information ; but chemical 
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SUBSTANCES VARYING IN COLOUR, 


Anhydrous 

CompoundB producod at 100° C. from ordinary 
CryHtab). 

OuClj Yellow 

CuBr, Block and lustrous 

C 0 C 4 Lavender; blue when hot .. 

CoBrj Vivid griH?n 

Col^ Lustrous intense black 

NiBr, Yellow 1 

N 1 I 2 Lustrous intense block 

CuClj-HjO 

CuBrj • HjO Dark brown 

CoClj * 211,0 Puiplo; blue when hot 
CoBr, * 2 H 2 O Purple ; blue when Ixot 
Col, • 2H,0 Moss-green 

(NiBra-HjO?) Dark red 

(Nil, •211,0?) Dark brown 


research, aided by the observation of optical properties, yields what 
neither alone could do. 

A distinct statement regarding this action of heat here follows : 

The effect of Heat on Ahsorption-specira. 

When saturated solutions of coloured salts are heated to 100'^ C., 
Ist, there are few cases in which no change is noticed. 2ndJy, gene- 
rally the amount of light transmitted is diminished to a small extent 
by some of the more refrangible, the less refrangible, or both kinds of 
rays being obstructed. 3rdly, there is frequently a complete 
diiference in the nature of the transmitted light. Anhydrous salts 
not decomposed, hydrated compounds not dehydrated at C., and 
salts which do not change colour on dehydration, give little or no 
alteration in their spectra when heated. 

Solutions of hydrated 'salts, and most notably those of haloid com- 
pounds, do change ; and the alteration is, if not identical with, similar 
to that produced by dehydration and the action of dehydrating liquids, 
such as alcohol, acids, and glycerine, on the salts in crystals or 
solution. 

A particularly interesting instance of the action of heat on an 
aqueous solution is that of cobalt chloride, which gives a different 
series of dark bands in the red part of the spectrum at different 
temperatures, ranging between 23° C, and 73° C. Band after bond of 
shadow intercepts the red rays as the temperature rises, till finally 
nothing but the blue are transmitted. Drawings of six different 
spectra of this remarkable nature have been made. The changes are 
most marked between 33° and 63°, when the temperature may b4 told 
almost to a degree by noting the appearance of the spectrum. Though 
to the unaided eye ^cobalt bromide appears to undergo the same 
change, yet, as seen with the spectroscope, it is not of so curious a 
character, the bands being not so numerous. 

With cobalt iodide a band of rod and green rays is transmitted at 
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WITH THEIR STATE OP HYDRATION. 



Ordinary Crystals. 

Colour of Solution. 


1 Strong. 

Dilute. 


CuCI, • 211,0 Hlue 

CuBfj * 5H2O Golden green .. 

1 

Grass gi een . . 

Rtd brown 

Blue. 

Blue. 


C0CI2 • CHjO Clierry red 

Colir^ * Deep erimsjon . . 

C0I2 • Dubky red-brown 

Deep red 

Deep criniHon . . 

Dark brown .. 

Pink. 

Pink, 

Pink. 


j NiBrj • 3II2O Gieen 

Nil, • OHjO Bluidh green .. 

Madder blown 
Yellowish brown .. 

Apple grei n. 
Apple green. 


low temperatures ; the band of light moves towards the opposite end of 
the spcetrum, with rise of temperature, until it is transferred to such 
a positirm that it consists of green rays only. In tliis instance the 
change* to the eye is more striking when seen without the spectroscope, 
because the mi^tpros of red, yellow, and green rays, which are formed 
during the transition, give rise to very beautiful shades of brown and 
olive green. Tims a saturated solution at IG" C. was of a brown 
colour, at — IC’C. it became of a fiery red and crystals separated, at 
4 - 10 ^’ reddish brown, at 20 ° the same, at 35 vandyke brown, at 45^ 
a cold brown tint with a tinge of yellowish green, at 55 ' a decidedly 
y(jllowish green in thin lay(*rs and yellow brown in thick, at 65^^ 
greenish bro\Mi, thin layers green, and at 75^ olive green. This was 
shown by heating a little of the liquid in a globular flask while it was 
rapidly rotated by the hand, the liquid thus being spr(‘ad in a thin 
layer over a large surface. An examination of this cobalt .salt has 
shown that there are tw'o distinct crystalline hydmtes— the one, formed 
at high temperatures, has the formula CoCI/illgO, and is of a dark 
gret'u colour; the other, which contains a much larger proportion of 
crystalline water, CoCI^,GH^O, is produced at a low* temperature, and 
its colour is generally brown, in cold w’cather inclining to red. 

The formation of the dihydratc and the anhydrous compound was 
beautifully shown in the following manncjr: A glass plate, upon 
w'hich was smeared a thin but even layer of the cobalt iodide, w'as 
held in the rays of tho electric light juojccted on b) a screen. At 
first nothing w'as to ho seen, but on warming the plate a spot of 
greenish yellow light appeared, and this spreading in every direction 
show ed itself to be a mass of green crystivls ; the application of a little 
more heat soon converted these into the black anhydrous compound. 

In the case of didymium nitrate a now line w^as seen to come into 
existence. Tho instances of tho third kind were frequently so altered 
by heat, that the less refrangible group of rays was extinguished 
partially, if not entirely. Cobalt and chromium compounds furnish 
examples of this. 
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The formation of different hydrates of the same salt, each of which 
has its* characteristic colour, is very strikingly shown with bromide 
and iodide of cobalt ; thus a sketch of sea and sky is made with the 
former, the liquid is pink, and not strong in colour, so that very little 
is seen until the paper be warmed, when the most beautiful azure 
tints appear. If carefully managed, the green anhydrous compound 
may be produced, and so give a greenish tinge to the sea. The red 
hexahyditite of cobalt bromide is first converted into the blue di- 
hydrate, and then into the green anhydrous compound. But an 
infinitely more astonishing change is that produced by warming a 
sketch of foliage and water made with the iodide and bromide of 
cobalt. It has the appearance of a warm- tin ted sepia drawing, which 
gives the foliage quite an autumnal appearance. On warming, the 
blue of the sky and water, together with exquisite green tints in the 
foliage, appear. By varying the quantity of the cobalt iodide put on 
with the brush, colours varying between the most delicate green of 
spring-time, the full richness of summer, and all kinds of greenish 
brown autumnal tints, even black, may be produced. The atmospheric 
moisture re-forms the original hexahvdrated salts, and the colours 
disappear when the paper gets cold again. Two sketches of this kind 
were exhibited which resumed their original brown colour in the 
course of half an hour. 

It has been suggested, even quite lately, that when a salt such as 
a chloride is dissolved in water, it is resolved into a hydrochlorate of 
a metallic oxide, and that hydrated chlorides are always compounds 
of tliis kind. Hence, when cobalt chloride is diasolved in water, 
change from pink to blue might be owing to the alteration in the 
dissolved compound, from a hydrochlorato of cobalt oxide^ a cobalt 
chloride. 

The first step to bp taken is the refutation of this. When a 
solution of cobalt chloride, bromide, or iodide is dissolved in water, and 
cold alkali, such as potash or soda added, the precipitate formed is 
not, as one w’ould expect, a hydrate or an oxide, but an oxy-chloride, 
oxy-bromide, or oxy-iodide, showing that in solution the halogen is 
still combined with the metal, and is only partially removed by the 
more powerful base. Similar basic compounds are formed by pre- 
cipitating other cobalt solutions, such as nitrate. 

Equations I. and II. illustrate the supposed and possible decom- 
posing action of water on cobalt chloride, while III. and IV. show the 
reactions with alkali which would consequently take place ; but as 
these latter do not represent the truth, it necessarily follows that the 
former are incorrect. 

I. CoCl, 4- H^O = CoO mCl. 

U. CoCl, + H,0 = CoO H- 2HC1. 

III. CoO-SiHCl + 2KHO = CoOH.O + 2KC1 + H,0. 

IV. CoO + 2HC1 + 2KnO = CoO + 2KC1 + SH^O. 

I. Hence wo may conclude that when a salt is dissolved in water 
it is not decomposed into a mixture of an oxide and an acid, nor does 
a compound of the oxide with the acid result. 
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II. When a salt is dissolved in water it does not necessarily attain 
its maximum state of hydration. 

This was long ago suspected by Dr. Gladstone, who, experimenting 
with cupric chloride, found that a saturated solution of a detjp green 
colour became blue on the addition of water, and this blue became 
green again upon heating. Furthermore, the blue liquid could be 
turned to green by the addition of strong hydrochloric acid. These 
facts of course have been corroborated by spectroscopic observations, 
and I have succeeded in obtaining others in support of tliis. Thus the 
following saturated solutions change colour when diluted with from 
four to seven times their bulk of water : 


Satur.itPd Solution. 

Colour. 

1 I S<»iution— Colour 

Cupric cliloride 

(rmwa green .. .. 

1 

Blue. 

,, bromide 

Deep red-brown 

1 Yellowish green to azure blue. 

Nickel „ . . 1 

Dark madder brown 

„ apple green. 

„ iodido . . 

Yellowish brown . . 

i> >» 


As illustrations two cylinders were taken, one containing cupric 
chloride, the' oilier cupric bromide ; the former grass green, and the 
latter deep brown. The colours were shown by swilling the liquid 
round the sides of the vessels ; on dilution with about a quart of water 
clear azure blue liquids w'ere produ(‘cd. 

A still more striking example is that of the cobalt iodide solution, 
which is formed by allowing the dihydrate, or the anhydrous salt to 
deliquesce; it is of a deep green, and on dilution to a very small 
extent l>ecomes red. 

Kcgnauld and also Person have shown that on diluting a saturated 
solution of a salt, as a rule there is an absorption of heat. The latter 
calls this the latent heat of dilution. The former noticed one or two 
cases in which heat was evolved on dilution. There is every like- 
lihood that this phenomenon is due to the formation of a liquid 
hydrate. It is impossible of belief that accompanying such a circum- 
stance there should be no measurable development of heat ; and 
these experiments have proved that in all cases when the change of 
colour consequent on dilution is great, the heat disengaged is very 
considerable. On diluting a solution of cobalt iodide till the 
red colour appears, the thermal elfect not only registers several 
degrees on an ordinary thermometer, but it may be perceived by the 
hand. 

The author has not yet completed any exact thermal measurements 
bearing on tliis matter, though some experiments have been made in 
this direction. 

III. When a hydrated salt is dissolved in water to form a saturated 
solution at the ordinary temperature its crystalline molecule remains 
chemically intact, except in certain exceptional cases, when it appears 
to lose water. 
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The oyidence bearing on this consists of the fact that most solu- 
tions of hydrated salt, if saturated, are of the same colour as the solid 
compound ; though in the state of dilute solutions on the one hand, or 
of partial dehydration on the other, the colour may differ widely from 
this. In support of this we have the case of cobalt chloride and 
cobalt iodide, more especially the formation and behaviour of the 
green solution of the dihydrate of the latter salt. The molecule of 
the salt is neither hydrated nor dehydrated on solution, otherwise 
such salts as those named would change colour. 

An exceptional phenomenon is marked wlien cupric chloride, 
cupric bromide, nickel bromide, and nickel iodide are dissolved in 
water to saturation. Cupric chloride is a blue salt not deliquescent 
or liable to absorb water from the air, but rather eflflorosccnt, i. e. apt 
to part with its water of crystallization ; hence, when the blue crystals 
are dissolved in water they form a deep gi’cen liquid, which on dilution 
becomes azure blue, this azure blue solution by heating again becomes 
green. The remaining salts are of a yellowish green tint, but on dis- 
solving in as little cold water as possible they give intensedy coloured 
brown liquids. Cupric bromide crystals efflorosce, losing 10 per cent, 
of water, and becoming very dark brown, nearly as possible black in 
colour even in ordinary air, but in j)reBence of moisture they are 
deliquescent. 

Elution facilitates chemical change. Hence, when green cupric 
bromide crystals are dissolved in water the chemical attraction which 
binds the one molecule of metallic bromide to the five molecules of 
water of crystallization is so weakened that the cohesive attraction 
of the mass of the solvent water overcomes the chemical attraction of 
the crystalline water, and the resulting liquid is brown. When more 
w^atcr, however, is added a reversion of this action takes place, and 
the brown solution becomes green or blue. 

IV. When a salt forms two distinct crystalline hydrates, A and B, 
at temperatures below lOO'^ C., a saturated solution of A will, on 
heating to 100°, become a solution of B ; at intermediate temperatures, 
a mixture of these two compounds. 

This is inferred from the similarity in change of colour of a saline 
solution to the change of colour in the solid when heated. Bromide 
and chloride of copper, and, above all, iodide of cobalt, exliibit such 
changes. 

The behaviour of this latter salt, which has been already men- 
tioned, cannot possibly be explained except by the assumption that 
the hexahydrate, Col2,6H20, exists in the brown solution, and tho 
dihydrate, CoIs,2H,0, in tho green liquid produced from this by 
heat. The action of heat on cobalt chloride is not so well defined ; 
that it is caused by dehydration we arc certain, but whether the com- 
pound in 8olution''*i8 the dihydrate or tho anhydrous chloride is a 
matter undetermined. It is not at all unlikely that the blue produced 
by alcohol is due to the formation of an alcoholate, for the spectrum, 
though very similar, is not quite identical with that of tho hot aqueous 
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solution. An experiment made on the hcxahydrate was incidentally 
confirmatory of the action of water on the cupric chloride and 
bromide. When this salt was dissolved nearly to saturation in abso- 
lute alcohol the liquid had the usual magnificent blue colour ; it was 
put aside under a bell-glass for crystals to separate, these appeared at 
the bottom of the deep blue liquid to bo also of the same colour. 
When removed, however, and pressed between folds of paper, 
they had precisely the same composition and red colour as the 
original salt. Hence, though water could not on solution remove the 
water of crystallization from the salt, yet alcohol could do this, but 
on crystallization the original crystalline hydrate was formed, as is 
the case with cupric chloride and bromide. 

V. The oftect of heat on what are called the purple chromium 
solutions is not traced to dehydration, but to a distinct chemical 
reaction which yields a distinct class of compounds. 

The violet or purple compounds of chromium have the general 
formula Cr'"ll3*a;Hi,0, or Cr/"R"3*a;II^O ; when solutions of these in 
water are heated to 100^ C. there is formed a class of substances 
whicli may be written thus, Cr/"OR4*a;n^O, and Cr./"OR'Vi*^1^20, or 
the first compounds may be said to contain the metal Cr'" as the base 
of the compound, while the second contain the radical Cr/"0. This 
radical I would propose to call chromyl, just as UrO is called uranyl. 
And it may then be stated, that while the purple compounds are salts 
of chromium, the green arc salts of chromyl. 

This conclusion is derived more from the chemical behaviour 
of these solutions than from their optical properties. Thus green 
solutions having the same spectrum may bo produced from the 
sulphate or nitrate — (1) by boiling a solution of the purple salt ; 

(2) by dissolving an excess of chromic hydrate in the purple solution ; 

(3) by neutralizing with an alkali one-third of the acid in a solution 
of the blue salts. 50l^ of a boiled solution containing half a gramme 
of the sulphate or nitrate of chromium will not give a precipitate if 
boiled with two or three litres of water ; but when one-third of the 
acid present has been previously neutralized, or when an excess of 
chromic hydrate is dissolved in the blue solution, a basic salt is 
thrown down on boiling with much water. This is exactly tho 
behaviour characteristic of a salt described by Sebrotter, to which he 
assigns tho formula Cr20j*2S03, or which may be written Cri0-2S04. 
L(ewel describes a similar chloride, which is formed at 100° C. ; 
this ho writes thus, Cr^Og ' dHCl, and the formula may be modified in 
the following manner, Cr,.0-Cl4-2H20. Tho modification has the follow- 
ing recommendation — that it explains tho decomposition of the sub- 
stance when heated to a high temperature, which LoeweTs formula does 
not. At or about 300° C. tho compound is resolved into a mixture 
of tho anhydrous violet compound of chromium and chlorine, CrClg 
or CrgClfl, and tho anhydrous green oxide, Cr^O, ; if the original salt 
were a combination simply of hydrochloric acid with chromic oxide, 
heating would drive off tho volatile acid and leave the oxide only, but 
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the actual change indicates that the chromium and chlorine are in 
direct combination. 

Having thus brought forward a new, if limited, application of 
spectrum analysis to chemical research, it is only necessary to add 
that the field of inquiry thus commenced is by no means exhausted. 
It has long been the writer’s intention to add new facts to the study 
of organic chemistry by examining the invisible photographic spectra 
of colourless carbon compounds, but one pair of hands in the leisure 
horn's of a not too long vacation cannot keep pace with one’s ideas. 

[W. N. H.] 



Friday, May 7, 1875. 

Oeoboe Busk, Esq. F.R.8. Treasurer and Vice-President, 
in the Chair. 

Professor A. Cornu, 

PROFESSOR AT THE POITTIXTHNIC SCHOOL, AND COLNCILLOR OP TFIE PARIS ORflERTATORT, 

On New Determinations of the Velocity of Light. 

The old philosophers and astronomers, until Galileo, thought that 
the propagation of liglit was instantaneous. 

Astronomical Determination of the Velocity of Light. — Jhnmer, a 
Danish astronomer, called to the Paris Observatory by the illustrious 
Picard, after having computed from some old obsei-vations the eclipse 
times of dupib r’s satellites, found great discrc2)ancies between the 
calculated and observed times: the eclipses api)ear too soon when 
J\ipit(‘r approaches the earth and too late when it goes away. Kcemer 
ascribed these difference s to the time necessary for the jiropagation of 
light, and concluded from his observations that light requires about 
eight minutes to come from the sun to the earth. 

Bradley, one of the most illustrious Englisli astronomers, seeking 
to put in evidence certain small annual motions of the stars caused by 
the disidacemcnt of the earth in space ^annual parallax), found such 
a motion, but quite different from the expected one. The apparent 
deflection of the direction of a star— for instance, y Draconis, near the 
pole of the ecliptic — instead of being at every moment directed, as 
expected, towards the centre of the terrestrial orbit (the sun), is 
directed at a right angle. The greatest elongation (called aberration) 
rises to 40 • 7" from six to six months. Bradley, after many attempts, 
ascribed this effect to the composition of the velocity of light with the 
velocity of the elliptic motion of the earth (1728). 

From those observations, and from tho aiiproximate knowledge of 
the distance from the sun to tlio earth, the velocity of light was found 
equal to about 200,000 English miles in a second^ in other terms, one 
million times the velocity of sound. 

Direct Determinations of the Velocity of Light were for a long 
time considered as impossible, owing to the enormous value of this 
velocity. The first solution was given by M. Fizeau (1849) by the 
method of the toothed wheel. 

Induced by some considerations analogous to the celebrated acces 
theory of Newton, M. Fizeau, one of the most illustrious members 
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of the Paris Academy, and recently elected Honorary Member of the 
Royal Society, succeeded in rendering perceptible and even measurable 
the duration of the propagation of light for a distance of a few miles. 

The principle of the method is the following : 

A beam of light passes through the interval between two teeth of 
a rotative toothed wheel {roua dentee) : this beam is reflected on a 
mirror lixed some miles distant, comes back exactly on the same line, 
and passes again through the same interval as before. An observer 
can receive this beam : ho will see a luminous point, a luminous echoy 
through each hollow between two teeth : if the wheel revolves with 
an increasing speed the luminous impression will first become con- 
tinuous. The wheel will soon revolve with sufficient rapidity to turn 
a small angle during the time necessary for the beam of light to go 
and come back again. The angular velocity can be so regulated that 
the solid part of a tooth is substituted for the hollow part during this 
time; then, on coming back, the beam will be obstructed by the 
wheel. The same obstruction will take place at each tooth, and the 
luminous echo will disappear. 

If the velocity of the wheel bo doubled, the luminous point will 
appear again, because the reflected beams will meet with the following 
hollow and pass through. With a triple velocity a now extinction will 
take place, as before. 

The following apparatus is necessary to produce the exact re- 
flexion of the beam : — At each station a telescope is directed to aim 
at the centre of the object-glass of the opposite station. The beam of 
light is sent through the first telescope : the pencil of rays, rendered 
nearly parallel, is received by the second and concentrated in its focus, 
and there reflected by a small mirror. After reflexion, the rays follow 
exactly the same path, and come back at the very point they start 
from. The observer can receive these return rays without beiug 
blinded by the source of light, by interposition of a piece of transparent 
glass, which reflects a good part of these return rays. 

M. Fizeau's Experiment (between Suresno and Montmartre) was 
made to prove that it was possible, not only to establish the duration 
of the propagation of light, but also to measure its velocity without 
the intervention of astronomical phenomena. The distance of the 
stations was 8633™, about English miles. The number found by 
M. Fizeau agreed sufficiently with the astronomical result to give the 
greatest confidence in the exactness of the method, when applied under 
fair conditions. A new experiment was arranged with Arago in the 
Paris Observatory, but Arago’s death prevented the execution of this 
design. 

Professor Cornu's Besearches. — First experiments were made 
between the Polytechnic School in Paris and Mont Valerion. 
(Distance, 10310™, about English miles.) 

His researches were conducted with a view to improve the method 
of the toothed wheel, in owler to obtain the greatest exactness. The 
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chief difficulty for the practical application of this method is to 
measure the angular motion or velocity of the wheel, to which the 
velocity of liglit is directly compared. The simplest means would 
have been, as in M. Fizeau’s experiment, to give an uniform motion to 
the wheel ; but such a motion is practically impossible to obtain, so 
it was necessary to find another mode of measure. The principle of 
the now improvement was the use of an electrical registering apparatus, 
to register the continuous increase of motion of the wheel. "With that 
arrangement an exact unifoi*m motion is no longer necessary, the 
observer being able by a peculiar electric signal to point out the 
instant at which the right velocity is obtained. 

The second improvement, and one very important for the exactness 
of the method, is the substitution of a pair of observations of the 
return rays, when reduced to a determined feeble intensity, for the 
single observation of a total extinction. 

These improvements, experimentally tried in 1872, gave the 
velocity of light as 298,000 kilometres per second. The probable 
error does not rise to 1 per cent. 

Professor New Determination was made between the Paris 

Observatory and the tower of Montlhery. (Distance, 22910*", about 
14 J English miles.) 

A direct determination of the velocity of light was ordered at the 
beginning of 1874 by the Council of the Paris Observatory, on the 
proposal of M. Le Verrier, Director, and of M. Fizeau, Councillor. 
The best conditions were chosen for the optical and mechanical 
apparatus, and the stations were placed at an increased distance. 
One was erected upon the higher terrace of tlie Observatory, and 
supplied with a telescope of 0’38'" (l.J foot) aperture, and 9'" (30 feet) 
focal length. The telescope and the remainder of the apparatus 
(toothed wheel, registering cylinder, clocks, &c.) were sheltered under 
a largo cabin constructed on purpose. The opposite station was 
erected on the top of the tower of Montlln'Ty ; it contains only a 
reflexion telescope sheltered by a cast-iron tube. 

The experiments were made in the summer of 1874. Th^ average 
of 508 pairs of observations gave the velocity as 300,400 kilometres in 
a second of mean time. The probable error appears not to exceed 
one-thousandth. 

Second Solution for Direct Measurement of the Velocity of Light 
was obtained by the method of the revolving mirror (1850) ; based on 
the use of it by Sir Charles Wheatstone in his beautiful researches on 
the Velocity of Electricity (1834). Arago, after an enthusiastic 
account of these researches before the Paris Academy, show'cd how 
the new apparatus might be adapted to solve <some most important 
problems of optics (1838), and specially to decide between the 
emission and the undulatory theory of light. He gave (April, 1850) 
a full doscription of his own attempts on the subject, but he was not 
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able, through failing eyesight, to fulfil his design. Some days after, 
the complete solution of tho problem was brought before the Academy 
simultaneously by Foucault and by MM. Fizeau and BregueL 
Foucault, in the year 1865, improved in several points the revolving 
mirror method, and obtained a direct determination of the velocity of 
light (298,000 kilometres). 

The principle of the experiment is as follows : — 

A b^m of light reflected on a revolving mirror is normally 
reflected by a fixed concave mirror, and comes back again on the 
evolving one: during the time of the propagation of light from the 
first mirror to the second and back, tho revolving mirror has suffered 
a little angular motion; tho new reflexion on it produces a small 
deflection on the return beam ; from that deflection tho velocity of 
light can be computed. 

This method is certainly one of tho most curious, but tho deflec- 
tions are so small and tho march of the rays takes place in such 
extraordinary circumstances that it is difficult to ascertain the degree 
of approximation of the result. 

Physical Importance of the Direct Determination of the Velocity of 
Light, — Tho importance of tho result is perhaps greater for those 
physicists who occupy themselves with olectrieity than for those who 
work on optics. The beautiful experiments and theories of Prof. 
Maxwell, Sir William Thomson, <fcc., so clearly expounded by tho 
British Association Electrical Standard Committee, have shown that 
tho velocity of light is a coefficient common to the undulatory waves, 
and to the mode of motion which is called electricity. Several 
determinations, but purely electrical ones, have been made iw England 
of that coefficient, and the results agree as well as possible, in that 
delicate matter, with the, above-given value. 

Astronomical Importance of the same Determination, — The numbers 
measuring the phenomena discovered by Roemer and Bradley, combined 
with the approached distance of the sun to the earth, liave a hundred 
and fifty years ago furnished an approximate value of the velocity of 
light. Now the progress of science requires an inverse march ; the 
exact value of the velocity of light permits, by tho inverted calculus, 
the computation of the mean distance of the sun or the sun’s parallax, 
that is to say, the same element which is directly given by the 
transit of Venus. Professor Cornu’s last result, combined with 
Dolambre’s equation of light (deduced from more than a thousand 
observations of eclipses of Jupiter’s satellites) or of Bradley’s 
aberration value, which seems one of the best determined ninnbcr, 
agree exactly with the result obtained by M. Le Verrier Jn his 
researches on plancWy perturbations, and with tho already known 
results of the last transit of Venus observations. 

[A.C.] 



NOTES OF PKOFESSOE GLADSTONE’S FIFTH LECTURE 
ON CHEMICAL FORCE. 

Tuesday, June I, 1875. 

The Copper- Zinc Couple and its Effects. 

In an ordinary Voltaic cell the liquid is decomposed under the 
influence of the two diftcrent metals in contact, but this decomposition 
is always impeded more or less by the “ resistance ” of the liquid ; 
indeed, in the case of very many compounds, especially organic 
liquids, this internal resistance is so great that practically no Voltaic 
decomp(Jsition is capable of being effected. When the junction of the 
metals is made outside the cell as in all batteries, there is also more 
or less external resistance. Now the resistance offered by a badly 
conducting liquid, such as pure water, depends upon the amount of it 
that lie s between the two metals, and the power is most advantageously 
aj>plied when distance is reduced to a minimum, and there is no 
part of the circuit outside the liquid. This is effected in the copper- 
zinc couple, which has been recently ap 2 )lied by Professor Gladstone 
and Mr. A. Tribe in the laboratory of the Institution, and elsewhere, 
to the decomposition of many compound bodies, and the preparation 
of several substances hitherto unknown. 

If a piece of zinc bo immersed in a solution of cupric sulphate, 
copi)er is deposited upon it in a minute state of division, ainl thus 
the two metals touch at myriads of points. When this “ couple ” is 
immersed in a binary liquid, the liquid at each point of junction is 
exposed to the full chemical or electromotive force of the metals. 

In this way pure water may be decomposed with the production of 
pure hydrogen gas ; organic haloid bodies, such as cthylic iodide, and 
3 ts congeners, may be sjdit up, and thus there may be pre 2 )ared zinc 
ethyl, zinc propyl, kc., bodies spontaneously inflammable in the air ; 
the same haloid bodies in the presence of alcohol may be decomposed 
with the production of the hydrides of the radicals, such as marsh gas, 
and a new set of compounds the zinc haloid ethylates ; chloroform, 
bromoform, and iodoform may be made to yield the same hydrides, 
haloid ethylates, and acetylene; while isomeric bodies such as the 
chlorides of ethylene, and ethylideuc, may be examined as to their 
chemical structure. 

The importance of time as an element in chemical action is well 
illustrated in many of these decompositions ; and they are generally 
greatly facilitated by a rise of Uunperature, whether that result from 
the cliemical action itself, or from external sources. 

The copper-zinc coui)le has been practically ap 2 >lied to the pro- 
duction of certain organic compounds, and to the determination of 
nitrates in potable waters. 
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WOBK DONE BY MEANS OP GLADSTONE AND TEIBE’S 
COPPER-ZINC COUPLE. 


Date. Chief Results. 

1872 Decomposition of Water, aud\ 
Preparation of Pure Hydrogen/ 


1873 Direct Formation of Zinci 
Kthioilide, and / 

Preparation of Zinc Ethyl, Ethyl 


ZnCu+cyH=Cu+Zn 
2Zn|®’^^»=Zn{^-®«+ZuI, 

HydridfiBud Zinc lodo-etbylale ZnCu+|g*®*0^|CiH5_g^^2n|0,H,0_j_|^H5 

ZnCu-f 2 =Cu-t- +ZnI, 
2ZnCu-)-2|^»®>> =Cu+Zn|®»|[jJ+ZnI, 
ZuCu+{f;AO+{C.U.,^Cu+Zn{0.«^«+g.H, 

ZnCu+C5U,0+CH,I=Cu+Zn|^'®>0^C2^ 

2ZnCu+2|®**^’ =Cu-f Zn |p'”’+ZiiL 
ZnCu+|^»^' =Cu+Zn|*J>^^' 
2Zn{«*H-ZnI,+Zn 
ZnCu+|^*^'-f =Cu+Zn 

ZnCu+2|‘}^^‘=Cu+|^|“’+ZnI, 

ZnCu+{CA+{C,H,oJc^^2n{''.«*0^ 


1873 Preparation of Di-amyl, 

Zinc-amyl, and Amyl hydride. 

Preparation of Methyl Hydride. 

1873 Preparation of Zinc hopropyl^ 

Zinc mop-iodide^ Zinc propyl y) 
and Piopyl Hydride . . . . / 


1874 Isolation of Di-allyl, and 

Preparation of Pure Propylene. 

1874 Preparation of Pure Olofiantl 
Gaa and its homologues . . / 

1874 Prei^ration of Zinc Ethylobro-) 
mide, and ) 


^^3"=Cu+ZuBr,+C,II,. 

**2 


Ztnc Brom-ethylale . 


ZnOu+g^; 

ZnCu-f =Cu+Zn|®»^‘ 
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Date. 

1874 


Chief ReBulta. 

Preparation of 7Anc Chlnrethy- j 
late, and direct Hydrogenize -! 
tion of Etliylideno . . . . | 


Chemistry of Operation. 


2 Z„Cu+{g|H«C 42 |C,II.O^Cu+ 2 Zn{CjH.O+{gH, 


IST-I 


Comploto Hydrogcuization of] 

Cliloroforin, and ( 

Its lumiologiK s iind propara-) 
lion of Acetylene .. 


3ZnCu+CHCI,+3|[’f^^'’®=Cuf3Zn/®[”“®+CH, 

:iZiiCu+2Cur,=Cu+:(Znij+(yi, 


(Investigated by Ibof. Thnrjie.) 

1873 ‘"'"i 4ZnCu+«II/) + E>.'0,-Cu-HZnIIA+KII0+XII, 


The new substances diseovored during these iuvi .^'ligations are in italics. 
Cu signifies simply the nielal copper, and not an atemic propoition. 


HS- Vol 2 P 



Friday, February 11, 1876. 


The Hon. Sir William Robert Grove, M.A. Ph.D. F.R.S. 
Just. C. P., Manager, in the Chair. 


W. Crookes, Esq. F.R.S. 


The Mechanical Action of Light, 

To generate motion has been found a characteristic common, with ono 
exception, to all the phases of physical force. Wo hold tlie bulb of 
a thermometer in our hands, and the mercury expands in bulk, and, 
rising along the scale, indicates the increase of heat it has received. 
Wo heat water, and it is converted into steam, and moves our ma- 
chinery, our carriages, and our ironclads. We bring a loadstono 
near a number of iron filings, and they move towards it, arianging 
themselves in peculiar aijd intricate lines ; or wo bring a j)iece of iron 
near a magnetic needle, and we find it turned away from its ordinary 
position. We rub a piece of glass with silk, thus throwing it into a 
state of electrical excitement, and w^e find that bits of paper or thread 
fly towards it, and are, in a few moments, repelled again. If we 
remove the supports from a mass of matter it falls, the influence of 
gravitation being here most plainly expressed in motion, as shown in 
clocks and water-mills. If we fix pieces of paper upon a stretched 
string, and then sound a musical note near it, we find certain of tho 
papers projected from their places. Latterly, the so-called “ sensitive 
flames,” which are violently agitated by certain musical notes, have 
become well known as instances of the conversion of sound into 
motion. How readily chemical force undergoes tho same transforma- 
tion is manifested in such catastrophes as those of Bremerhavon, in 
the recent deplorable coal-mine explosions, and indeed in every dis- 
charge of a gun. 

But light, in some respects the highest of the powers of nature, 
has not been hitherto found capable of direct conversion into motion, 
and such an exception cannot but be regarded as a singular anomaly. 

This anomaly the researches which I am about to bring before 
you have now removed ; and, like the other forms of force, light is 
found to be capable of direct conversion into motion, and of being — 
like heat, electricity, magnetism, sound, gravitation, and chemical 
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action — most delicately and accurately measured by the amount of 
motion thus produced. 

My research arose from the study of an anomaly. 

It is well known to scientific men that bodies appear to weigh 
less when they are hot than when they are cold ; the explanation 
given being, that the ascending currents of hot air buoy up the body, 
so to speak. Wishing to get rid of this and other interfering actions 
of the air during a research on the atomic weight of thallium, I had 
a balance constructed in which I could ^veigh in a vacuum. I still, 
indeed, found my apparatus less heavy when hot than when cold. 
The obvious explanations were evidently not the true ones : obvious 
explanations seldom are true ones, 
for simplicity is not a character- 
istic of nature. 

An unknown disturbing cause 
was interfering, and the endea- 
vour to find the clue to tlie appa- 
rent anomaly has led to tlie dis- 
covery of the mechanical action 
of light. 

I was long troubled by the ap- 
parent lawlessness of the actions 
I obtained. By gradually increas- 
ing the delicacy of my apparatus 
I could easily got certain results 
of motion when hot bodies wore 
brought near them, but sometimes 
it was one of attraction, at others 
of repulsion, whilst occasionally 
no movement whatever was pro- 
duced. 

I will try to reproduce these 
phenomena in this apparatus 
(Fig. 1). Hero are two glass 
bulbs, each containing a bar of 
pith about 3 inches long and half 
an inch thick, suspended horizon- 
tally by a long fibre of cocoon 
silk. I bring a hot glass rod, or 
a candle, towards one of them, and you see that the pith is gradually 
attracted, following the candle as I move it round the bulb. That 
seems a very definite fact ; but look at the action in the other bulb. 
I bring the candle, or a hot glass rod, near the other bar of pith, 
and it is strongly repelled by it — much more strongly than it was 
attracted in the first instance. 

Here, again, is a third fact. I bring a piece of ice near the pith 
bar which has just been repelled by the hot rod, and it is attracted, 
and follows the rod round as a magnetic needle follows a piece of iron. 
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The repulsion by radiation is the key-noto of these researches. 
The movement of a small bar of pith is not very distinct, except to 
those near, and I ^i&h to make this repulsion evident to all. 1 have 
therefore arranged a piece of apparatus by which it can bo seen by 
all present, I will, by means of the electric light, project an image 
of a pendulum suspended in vacuo on the screen. You see that tho 
approach of a candle gives tho bob a veritable push, and, by alter- 
nately obscuring and uncovering the light, I can make the pendulum 
beat time to my movements. 

What then is tho cause of tho contradictory action in these two 
bulbs — attraction in one, and repulsion in the other? It can bo 
explained in a few words. Attraction takes place when air is present, 
and repulsion when air is absent. 

Neutrality, or no movement, is j)i’^>dnced when tho vacuum is 
insufficient. A minute trace of air in the apparatus interferes most 
materially with tho repulsion, and for a long time I was unaware 

of the powerful action produced by 
radiation in a “ perfect vacuum. 

It is not at first sight obvious how 
ice or a cold body can produce tho 
opposite effect to heat. The law of 
exchanges, however, explains this per- 
fectly. Tho pith bar and the whole 
of the surrounding bodies are inces- 
santly exchanging heat-rays ; and 
under ordinary circiimbtancos tho 
income and expenditure of heat are 
in equilibrium. Let irw draw your 
attention to the diagram (Fig. 2) 
illustrating wliat takes place when I 
bring a piece of ice near the appa- 
ratus. The centre circle represents 
my piece of pith •, tho arrows show the influx and efflux of heat. A 
piece of ice brought near cuts off tho influx of heat from one side, and 
therefore allows an excess of heat to fall on tho pith from tho opposite 
side. Attraction by a cold body is therefore seen to ho only re- 
pulsion by the radiation from the opposite side of tho room. 

The later developments of this research have demanded tho utmost 
refinement of apparatus. Everything has to be conducted in glass 
vessels, and these must be blown together till they make one piece, 
for none but fused joints are admissible. In an investigation de- 
pending for its successful prosecution on manipulative dexterity, I 
have been fortunate in having tho assistance of my friend Mr^ Charles 
Gimingham. AU tho apparatus you sec before you are tlio fruits of 
his skilful manipulation, and I now want to draw your attention to 
what I think is a masterpiece of glass- working— the puiUp which 
enables me so readily to produce a vacuum unattainable by ordinary 
means. 
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Tho pump hero at work is a modification of tho Sprengel pump, 
but it contains two or throe valuable improvements. I cannot 
attempt to describe tho whole of the arrangements, but I will rapidly 
run over them as illuminated by the electric light. It has a triple 
fall tube in which the mercury is carried down, thus exhausting with 
threefold rapidity; it has Dr. McLeod’s beautiful arrangement for 
measuring the residual gas ; it has gauges in all directions, and a 
small radiometer attached to it to tell tho amount of exhaustion that 
I get in any experiments; it has a contrivance for admitting oil of 
vitriol into tho tubes without interfering with the progress of the ex- 
haustion, and it is provided with a whole series of most ingenious 
vacuum-taps devised by Mr. Giminghani. The exhaustion produced 
in this pump is such that a current of electricity from an induction- 
coil will not pass across tlio vacuum. This pump is now exhausting 
a torsion balance, which will be described presently. Another pump, 
of a similar kind but less complicated, is exhausting an appa- 
ratus which has enabled me to pass from the mere exhibition of the 
phenomena to the obtaining of quantitative measurements. 

A certain amount of force is exerted when a ray of light or heat 
falls on the suspended pith, and I wished to ascertain — 

First. What wore the actual rays — invisible heat, luminous, or 
ultra-violet — which caused this action ? 

Secondly. What influence had the colour of the surface on tho 
action? 

Thirdly. Was the amount of action in direct proportion to the 
amount of radiation ? 

Fourthly. What was tho amount of force exerted by radiation ? 

I required an apparatus which would bo easily moved by the 
impact of light on it, but which would readily return to zero, so that 
moasuremonts might be obtained of the force exerted when different 
amounts of light acted on it. At first I made an apparatus on the 
Zollner’s horizontal pendulum. For a reason that will bo explained 
presently, 1 am unable to show you tho apparatus at work, but the 
principle of it is shown in the diagram (Fig. 3). The pendulum 
represented by this horizontal line has a weight at the end. It is 
supported on two fibres of glass, one stretched upwards and the other 
stretched downwards, both firmly fastened at tho ends, and also 
attached to tho horizontal rod (as shown in the figure) at points near 
together, but not quite opposite to one another. 

It is evident that if there is a certain amount of pull upon each of 
these fibres, and that tho pull can bo so adjusted as to counteract tho 
weight at tho end and keep it horizontal, the nearer tho beam 
approaches tho horizontal line tho slower its rate of oscillation. If I 
relax the tension, by throwing tho horizontal beam downwards, I get 
a more rapid oscillation sideways. If I turn thr hovelling screw so as 
to raise the beam and weight, tho nearer it approaches the horizontal 
position tho slower the oscillation becomes, and the more delicate is 
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the instrument. Here is the actual apparatus that I tried to work 
with. The weight at the end is a piece of pith ; in the centre is a 
glass mirror, on which to throw a ray of light, so as to enable me to 
see the movements by a luminous index. The instrument, enclosed 
in glass and exhausted of air, was mounted on a stand witli levelling 
screws, and with it I tried the action of a ray of light falling on the 
pith. I found that I could got any amount of sensitiveness that I 
liked ; but it was not only sensitive to the impact of a ray of light, it 
was immeasurably more so to a change of horizontality. It was, in 
fact, too delicate for mo to work with. The slightest elevation of one 
end of the instrument altered the sensitiveness, or the position of the 



Bcro-point, to such a degree that it was impossible to try any expen'i- 
ments with it in such a place as London. A person stci)ping from 
one room to another altered the position of the centre of gravity of 
the hoTise. If I walked from one side of my own laboratory to the 
other, I tilted the house over sufficiently to upset the equilibrium of 
the apparatus. Children playing in the streets disturbed it. Professor 
Rood, who has worked with an apparatus of this kind in America, 
finds that an elevation of its side equal to 

is sufficient to be shown on the instrument. It was therefore out of 
the question to use an instrument of this construction, so I tried 
another form (shown in Fig. 4), in which a fine glass beam, having 
discs of pith at each end, is suspended horizontally by a fine glass 
fibre, the whole being sealed up in glass and perfectly exhausted. 
To the centre of oscillation a gloss mirror is attached. 

Now a glass fibre has the property of always coming back to zero 
when it is twisted out of its position. It is almost, if nof quite, a 
perfectly elastiC"^ body. I will show this by a simple experiment. 
This is a long glass fibre hanging vertically, and having a librizontal 
bar suspended on it. I hold the bar, and turn it half round; it swings 
backwards and forwards for a few times, but it quickly comes back to 
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its original position. However much twist, however much torsion, 
may be put on this, it always returns ultimately to the same position. 
1 have twisted glass fibres round, and kept them in a permanent state 
of twist more than a hundred complete revolutions, and they always 
came back accurately to zero. The principle of an instrument that I 
shall describe farther on depends entirely on this property of glass. 

Instead of using silk to suspend the torsion beam with, I employ 
a fibre of glass, drawn out very fine before the blowpipe. A thread 
of glass of less than the thousandth of an inch in thickness is wonder- 
fully strong, of great stiffness, and of perfect elasticity, so that how- 
ever much it is twisted round short of the breaking point, it untwists 
itself perfectly when liberated. The advantage of using glass fibres 
for suspending my beam is, therefore, that it always returns accurately 
to zero, after having tried an experiment, whilst I can get any desired 
amount of sensitiveness by drawing out the glass fibre sufficiently 
fine. 

Here, then, is the torsion apparatus sealed on to a Sprengel pump. 
You will easily understand the construction by reference to the 
diagram (Fig. 4). It consists of a horizontal beam suspended by a 
glass fibre, apd having discs of pith at each end coated with lamp- 
black. The whule is enclosed in a glass case, made of tubes blown 
together, and by means of the pump the air is entirely removed. In 
the centre of the horizontal beam is a silvered mirror, and a ray from 
the electric liglit is reflected from it on to a scale in front, where it is 
visible as a small circular spot of light. It is evident that an angular 
movement of the torsion beam will cause the spot of light to move to 
the right or to the left along the scale. I will first show you the 
wonderful sensitiveness of the apparatus. I simply place my finger 
near the pith disc at one end, and the warmth is quite sufficient to 
drive the spot of light several inches along the scale. It has now 
rcturnc<l to zero, and I place a candle near it. The spot of light flies 
off the scale. I now bring the candle near it alternately from one side 
to the other, and you see how perfectly it obeys the force of the caudle. 
I think tlic movement is almost better seen without the screen than with 
it. The fog, wliich has been so great a detriment to everyone else, is 
rather in my favour, for it shows the luminous index like a solid bar of 
light swaying to and fro across the room. The w armth of my finger, or 
the radiation from a candle, is therefore seen to drive the pith disc 
away. Here is a lump of ice, and on bringing it near one of the discs 
the luminous index promptly shows a movement of apparent attraction. 

With this apparatus I have tried many experiments, and amongst 
others I have endeavoured to answer the question, “ Is it light, or is 
it heat, that produces the movement ? ” for that is a question that is 
asked me by almost everyone ; and a good many appear to think that 
if the motion can be explained by an action of heat, all the novelty 
and the importance of the discovery vanish Now this question 
of light or heat is one I cannot answer, and I think that when I have 
explained the reason you will agree with me that it is unanswerable. 
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Thero is no physical difference between light and heat. Here is a 
diagram of the visible spectrum (Fig. 5). The spectrum, as scientifio 
men understand it, extends from an indefinite distance beyond the red 



to an indefinite distance beyond the violet. We do not know how far 
it would extend one way or the other if no absorbing media were 
present ; but, by what wo may call a physiological accident, the 
human eye is sensitive to a portion of the spectrum situated between 
the lino A in the red to about the line H in the violet. But this is 
not a physical difference between the luminous and non-lumiuons parts 
of the spectrum ; it is only a physiological difference. Now, the part 
at the red end of the spectrum jwssesscs, in the greatest degree, the 
property of causing the sensation of warmth, and of dilating the 
mercury in a thermometer, and of doing other things which are con- 
veniently classed amoijg the effects of heat ; the centre part affects the 
eye, and is therefore called light ; whilst the part at the other end of 
the spectrum has the greatest energy in producing chemical action. 
But it must not bo forgotten that any ray of the spectrum, from what- 
ever part it is selected, will produce all these physical actions in more 
or less degree. A ray here, at the letter C for instance in the orange, 
if concentrated on the bulb of a thermometer, will cause the mercury 
to dilate, and thus show the presence of heat ; if concentrated on my 
hand I feel warmth ; if I throw it on the face of a thermo-pile it 
will produce a current of electricity ; if I throw it upon a sensitive 
photographic plate it will produce chemical action ; and if I throw it 
upon the instrument I have just described, it will produce motion. 
What, then, am I to call that ray? Is it light, heat, electricity, 
chemical action, or motion ? It is neither. All these actions^ are in- 
separable attributes of tlie ray of that particular wave-length, and 
are not evidence® of separate identities. I can no more split that 
ray up into five or six different rays each having different properties, 
than I can split up the element iron, for instance, into other elements, 
one possessing the specific gravity of iron, another its magnetic 
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properties, a third its chemical properties, a fourth its conducting 
power for heat, and so on. A ray of light of a definite rcfrangibility 
is one and indivisible, just as an element is, and these different pro- 
perties of the ray are mere functions of that rcfrangibility, and 
inseparable from it. Therefore when I tell you that a ray in the 
ultra-red pushes the instrument with a force of 100, and a ray in the 
most luminous part has a dynamic value of about half that, it must bo 
understood that the latter action is not duo to heat-rays which 
accompany the luminous rays, but that the action is one purely due to 
the wave-length and the rcfrangibility of the ray employed. You 
now understand why it is that I cannot give a definite answer to the 
question, “ Is it heat or is it light that produces tliese movements ? 
There is no physical difference between heat and light ; so, to avoid 
confusion, I call the total bundle of rays which come from a candle 
or the sun, radiation. 

I found, by throwing the pure rays of the spectrum one after the 
other upon this apparatus, that I covdd obtain a very definue answer 
to my first question, “What are the actual rays which cause this 
action ? ” 

The app?o*'*^us was fitted up in a room specially devoted to it, 
and was protected on all sides, except where the rays of light had to 
pass, with cotton-wool and large bottles of water. A heliostat 
reflected a beam of sunlight in a constant direction, and it was re- 
ceived on an appropriate arrangement of slit, lenses, prisms, &c., for 
projecting a pure sixjctrum. Kesults were obtained in the months of 
July, August, and September ; and they are given in the figure 
(Fig. 6) graphically as a curve, the maximum hoing in the ultra-red 
and the minimum in the ultra-violet. Taking the maximum at 100, 
the following are the mechanical values of the different colours of the 
spectrum : 


ITltra-retl 
Extreme red 
Red 

Orange . . 

Yellow .. 

Oreeii 

Blue 

Indigo 

Violet 

Ultra-violet 


100 

85 

7:i 

57 

11 

22 

SI 

G 


A comparison of these figures is a sufficient proof that the mechanical 
action of radiation is as much a function of the luminous rays as it is 
of the dark heat-rays. 

The second question, namely, “ What influence has the colour of 
the surface on the action ? ” has also been solved by this apparatus. 

In order to obtain comparative results betw uon discs of pith coated 
with lampblack and with other substances, another torsion apj>aratua 
was constructed, in which six discs in vacuo could be exposed one after 
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the other to a standard light. One disc always being lampblacked 
pith, the other discs could be changed so as to get comparisons of 
action. Galling the action of radiation from a candle on the lamp- 
blacked disc 100, the following are the proportions obtained : 


Lampblacked pith 100 

Iodide of palladium 87 ‘3 

Precipitated silver 56 

Amorphous phosphorus 40 

Sulphate of baryta 37 

Milk of sulphur 31 

Red oxide of iron 28 

Scarlet iodide of mercury and copper 22 

Lampblacked silver 18 

White pith 18 

Carbonate of lead 13 

Rock-salt 6*5 

Glass 6-5 


This table gives important information on many points : one more 
especially — the action of radiation on lampblacked pith is 5i times 
what it is on plain pith. A bar like those used in my first experi- 
ment, having one half black and one half white, exposed to a broad 
beam of radiation, will be pushed with times more strength on tho 
black than on the white half, and if freely suspended will set at 
an angle greater or less according to tho intensity of the radiation 
falling on it. 

This suggests the employment of such a bar as a photometer, and 
I have accordingly made an instrument on this principle : its con- 
struction is shown in the diagram (Fig. 6). It consists of a flat bar 
of pith, A, half black and half white, suspended horizontally^ in a bulb 
by means of a long silk fibre. A reflecting mirror, B, and small 
magnet, C, are fastened to tho pith, and a controlling magnet, D, is 
fastened outside, so that it can slip up and down the tube, and thus 
increase or diminish sensitiveness. The whole is completely ex- 
hausted and then enclosed in a box lined with black velvet, with 
apertures for the rays of light to pass in and out. A ray of light from 
a lamp, F, reflected from tho mirror, B, to a graduated scale, G, shows 
the movements of the pith bar. 

Tho instrument fitted up for a photometric experiment is in front 
of me on the table. A beam from tho electric light falls on tho little 
mirror, and is thence reflected back to tho screen, where it forms a 
spot of light, the displacement of which to the right or tho left shows 
the movement of tho pith bar. One end of tho bar is blacked on each 
side, the other end being left plain. I have two candles, E E, each 12 
inches off the pith bar, one on each side of it. When I remove tho 
screens, H H, the candle on one side will give tho pith a push in one 
direction, and the handle on tho other side will give tho pith a push 
in the opposite direction, and as they are the same distance off they 
will neutralize each other, and the spot of light will not move. I now 
take the two screens away ; each candle is pushing tho pith equally 
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in opposite directions, and the luminous index remains at zero. When, 
however, 1 cut one candle off, the candle on the opposite side exerts 
its full influence, and the index flics to one end of the scale. I cut 
the other one off and obscure the first, and the spot of light flies to 
the other side. I obscure them both, and the index comes quickly to 
zero. I remove the screens simultaneously, and the index does not 
move. 

I will retain one candle 12 inches off, and put two candles on the 
other side 17 inches off. On removing the screens you see the index 
does not move from zero. Now the square of 12 is 144, and the 
square of 17 is 289. Twice 144 is 288. The light of these candles, 
therefore, is as 288 to 289. They therefore balance each other as 
nearly as possible. Similarly I can balance a gas-light against a 
candle. I have a small gas-burner here, which I place 28 inches ofif 
on one side, and you sec it balances the candle 12 inches off. These 
experiments show how conveniently and accurately this instrument 
can be used as a photometer. By balancing a standard candle on ono 
side against any source of light on the other, the value of the latter 
in terms of a candle is readily shown ; thus in the last experiment the 
standard candle 12 inches off is balanced by a gas-flume 28 inches off. 
The lights are therefore in the proportion of 12- to 28^, or as 1 to 
6 * 4. The gas-burner is therefore equal to about candles. 

In practical work on photometry it is often required to ascertain 
the value of gas. Gas is spoken of commercially as of so many 
candle-power. There is a certain “standard’’ candle which is sup- 
posed to be made invariable by Act of Parliament. I have worked a 
great deal with these standard candles, and I find them to be among 
the most variable things in the world. They never bur»* with the 
same luminosity from ono hour to the other, and no two candles are 
alike. I can now, however, easily get over this difficulty. I place a 
“ standai'd ” candle at such a distance from the apparatus that it gives 
a deflection of 100 degrees on the scale. If it is poorer than the 
standard, I bring it nearer ; if better, I put it farther off'. Indeed, any 
candle may be taken ; and if it be placed at such a distance from the 
apparatus that it will give a uniform deflection, say of 100 divisions, 
the standard can be reproduced at any subsequent time; and the 
buiTiing of the candle may be tested during the photometric experi- 
ments by taking the deflection it causes from time to time, and 
altering its distance, if needed, to keep the deflection at lt)0 divisions. 
The gas-light to be tested is placed at such a distance on the opposite 
side of the pith bar that it exactly balances the candle. Then, by 
squaring the distances, I get the exact proportion between the gas and 
the candle. 

Before this instiumient can be used as a photometer of light 
measurer, means must bo taken to cut off from it all those rays Coming 
from the candle or gas which arc not actually luminous. A reference 
to the spectrum diagram (Fig. 5) will show that at each end of the 
coloured rays there is a large space inactive, as foi* as the eye is con- 
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cerned, but active in respect to the production of motion — strongly so 
at the red end, less strong at the violet end. Before the instrument 
can be used to measure luminosity, these rays must be cut off. We 
buy gas for the light that it gives, not for the heat it evolves on 
burning, and it would therefore never do to measure the heat and pay 
for it as light. 

It has been found that a clear plate of alum, whilst letting all the 
light through, is almost, if not quite, opaque to the heating rays below 
the red. A solution of alum in water is almost as effective as a 
crystal of alum ; if, therefore, I place in front of the instrument glass 
cells containing an aqueous solution of alum, the dark heat-rays are 
filtered off. 

But the ultra-violet rays still pass through, and to cut these off I 
dissolve in the alum solution a quantity of sulphate of quinine. This 
body has the property of cutting off the ultra-violet rays from a point 
between the lines G and H. A combination of alum and sulphate of 
quinine, therefore, limits the action to those rays which affect the 
human eye, and the instrument, such as you see it before you, becomes 
a true photometer. 

This infitr'im^nt, when its sensitiveness is not deadened by the 
powerful control magnet I am obliged to keep near it for these 
experiments, is wonderfully sensible to light. In my own laboratory 
a candle 36 feet off produces a decided movement, and the motion of 
the index increases inversely with the square of the distance, thus 
answering the third question, “ Is the amount of action in direct pro- 
portion to the amount of radiation ? ” 

The experimental observations and the numbers which are re- 
quired by the theoretical diminution of light with the square of the 
distance, are sufficiently close, as the following figures show : 

Candle 6 feet off gives a deflection of 21 8 ’0° 


12 



54*0'" 

18 



21-5° 

24 

f 1 

99 

13 0° 

10 

99 

99 

77-0° 

20 


99 

19- O'’ 

30 


99 

8-5° 


The effect of two candles side by side is practically double, and of 
three candles three times that of one candle. 

In the instrument just described the candle acts on a pith bar, 
one end of which is blacked on each side. But suppose I black the 
bar on alternate halves and place a light near it sufficiently strong 
to drive the bar half round. The light will now have presented to 
it another black surface in the same position as the first, and the bar 
will be again driven in the same direction half round. This action 
will be again repeated, the differential action of the light on the 
black and white surfaces keeps the bar moving, and the result will be 
rotation. 
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Here is such a pith bar, blacked on alternate sides, and suspended 
in an exhausted glass bulb (Fig. 7). I project its image on the 
screen, and the strong light which shines on it sets it rotating with 
considerable velocity. Now it is slackening speed, and now it has 
stopped altogether. The bar is supported on a fibre of 
silk, which has twisted round till the rotation is stopped 
by the accumulated torsion. I put a water screen be- 
tween the bar and the electric light to cut off some of 
the active rays, and the silk untwists, turning the bar 
in the opposite direction. I now remove the water, 
and the revolves rapidly as at first. 

From suspending the pith on a silk fibre to balan- 
cing it on a point the transition is slight; the interfering 
action of torsion is thereby removed, and the instru- 
ment rotates continuously under the influence of radia- 
tion. Many of these little pieces of apparatus, to 
which 1 have given the name of radiometers, are on 
the table, revolving with more or less speed. The 
diagram (Fig. 8) shows their construction, which is 
very simple. They are formed of four arms of very 
fine glass, supported in the centre by a needle-point, 
and having at the extremities thin discs of pith lamp- 
blacked on one side, the black surfaces all facing the 
same way. The needle stands in a glass cup, and the 
arms and discs are delicately balanced so as to revolve 
with the slightest impetus. 

Here are some rotating by the light of a candle. 
This one is now rather an historical instrument, being 
the first one in which I saw rotation. It goes very 
slowly ip comparison with the others, but it is not bad 
for the tot instrument of the sort that was ever made. 

I will now, by means of a vertical lantern, throw 
on the screen the projection of one of these instru- 
ments, so as to show the movement rather better than 
you could SCO it on the table. The electric light 
falling vertically downwards on it, and much of the 
power being cut off by water and alum screens, the ro- 
tation is slow. I bring a candle near and the speed 
increases. I now lift the radiometer up, and place it 
full in the electric light, projecting its image direct 
on the screen, and it goes so rapidly that if 1 had not cut out the 
four pieces of pith of Afferent shapes you would have been unable to 
follow the movement. 

The speed with which a sensitive radiometer will revolve in the 
0un is almost incredible ; and the electric light such as 1 have in this 
lantern cannot be far short of full sunshine. Here is the most 
sensitive instrument I have yet made, and I project its imago on the 
screen, letting the full blaze of the electric light shine upon it. 
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Nothing is seen but an undefined nebulous ring, which becomes at 
times alm6st invisible. The number of revolutions per second cannot 
be counted, but they must be several hundreds, for one candle has 
made it spin round forty times a second. 

I have called the instrument the radiometer, because it will enable 
me to measure the intensity of radiation falling on it by counting the 
revolutions in a given time ; the law being 
that the rapidity of revolution is inversely 
as the square of the distance between the 
light and the instrument. 

When exposed to different numbers of 
candles at the same distance off, the speed 
of revolution in a given time is in propor- 
tion to the number of candles ; two candles 
giving twice the rapidity of one candle, 
and three, three times, &c. 

The position of the light in the liori- 
zontal plane of the instrument is of no 
consequence, provided the distance is not 
altered ; thur two candles, 1 foot off“, give 
the same number of revolutions per second, 
whether they arc side by side or opposite 
to each other. From this it follows that 
if the radiometer is brought into a uni- 
formly lighted space it will continue to 
revolve. 

It is easy to get rotation in a radio- 
meter without having the surfaces of the 
discs differently coloured. Here is one 
having the i)ith discs blocked on both 
sides. I project its image on the screen, and there is no movement. 
I bring a candle near it, and shade the light from one side, when 
rapid rotation is produced, which is at once altered in direction by 
moving the shade to the other side. 

I have arranged here a radiometer so that it can be made to move 
by a very faint light, and at the same time its rotation is easily 
followed by all present. In this bulb is a large six-anned radiometer 
carrying a mirror in its centre. The mirror is almost horizontal, but 
not quite so, and therefore when I tlirow a beam of electric light 
vertically downw^ards on to the central mirror, the light is reflected 
off at a slight angle, and as the instrument rotates its movement is 
shown by the spot of light travelling round the ceiling in a circle. 
Hero again the fog helps us, for it gives us an imponderable beam of 
light moving round the room like a solid body, and saving you the 
trouble of looking up to the ceiling. I now set the radiometer 
moving round by the light of a candle, and I want to show you that 
coloured light docs not very much interfere with the movement. I 
place yellow glass in front, and the movement is scarcely diminished 
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at all. Very deep coloured glass, you see, diminishes it a little more. 
Blue and groen glass make it go a little slower, but still do not 
diminish the speed one-half. I now place a screen of water in front : 
the instrument moves with diminished velocity, rotating with about 
one-fourth its original speod. 


Taking the notion produced by a candle flame as 
Yellow glass lednces it to 
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I now move the candle a little distance off, so as to make the 
instrument move slower, and biing a flask of boiling water close to it. 
Sec what happens. The luminous index no longer moves steadily, 
but in jerks. Each disc appears to come up to the boiling water with 
difficulty, aud to hurry past it. More and more sluggishly do they 
move past, until now one has failed to get by, and the luminous 
beam, after oscillating to and fro a fevv times, comes to rest. I now 
gradually bring the candle near. The index shows no movement. 
Nearer still. There is now a commencement of motion, as if the 
radiometer was trying to push past the resistance offered by the hot 
water; but it is not until I have brought the candle to within a few 
inches of the glass globe that rotation is recommenced. On these 
pith radiometers the action of dark heat is to repel the black aud 
white surfaces almost equally, and this repulsion is so energetic as 
to overcome the rotation caused by the candle, and to stop the in- 
strument. 

With a radiometer constructed of a good conductor of heat, such 
as metal, the action of dark Jieat is different. Here is one made of 
silvered copper, polished on one side and lampblacked on the other. 
I have set it moving with a candle slightly the normal way. Hero 
is a glass shade heated so that it feels decidedly warm to the hand. 
I cover the radiometer witli it, and the rotation first stops, and then 
recommences the reverse way. On removing the hot shade the 
reverse movement ctases, and normal rotation recommences. 

If, however, I place a hot glass shade over a pith radiometer the 
arms at once revolve the normal way, as if I had exposed the instru- 
ment to light. The diametrically opposite behaviour of a pith and a 
metal instrument wlieii exposed to the dark heat radiated from a hot 
glass shade is very striking. The explanation of the action is not 
easy, but it depends on the fact that the metal is one of the belt con- 
ductors of heat, whilst pith is one of the worst. 

One more experiment with this metallic radiometer. I heat it 
strongly with a spirit lamp, and the arms spin round rapidly. Now 
the whole bulb is hot, and I remove the lamp : see what happens. 
The rotation quickly diminishes. Now it is at rest ; and now it is 
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Bpinning round just as fast the reverse way. I can procure this 
reverse movement only with difficulty with a pith instrument. The 
action is due to the metal being a good conductor of heat. As it 
absorbs heat it moves ono way; as it radiates heat it moves the 
opposite way. 

At first I made these instruments of the very lightest material 
possible, some of them not weighing more than half a grain ; and 
where extreme sensitiveness is required lightness is essential. But 
the force which carries them round is quite strong enough to move a 
much greater weight. Thus the metallic instrument I have just 
experimented with weighs over 13 grains, and hero is one still heavier, 
made of four pieces of looking-glass blacked on the silvered side, 
which are quickly sent round by the impact of this imponderable 
agent, and flash the rays of light all round the room when the electric 
lamp is turned on the instrument. 

Before dismissing this instrument, let me show one more experi- 
ment. I place the looking-glass and the metal radiometer side by 
side, and, screening the light from them, they come almost to rest. 
Their temperature is the same as that of the room. What will 
happen if I suddenly chill them V I pour a few drops of ether on each 
of the bulbs. Both instruments begin to revolve. But notice the 
difference. Whilst the movement in the case of the metal radiometer 
is direct, that of the looking-glass instrument is reverse. And yet to 
a candle they both rotate the same way, the black being repelled. 

Now, having found that this force w'Oiild carry roimd a com- 
paratively heavy weight, another useful application suggested itself. 
If I can carry round heavy mirrors or plates of copper, I can carry 
round a magnet. Here, then (Fig. 9), is an instrument carrying a 
magnet, and outside is a smaller magnet, delicately balanced in a 
vertical position, having the south pole at the top and the north pole 
at the bottom. As the inside magnet comes round, the outside 
magnet, being delicately suspended on its centre, bows backwards and 
forwards, and, making contact at the bottom, carries an electric 
current from a battery to a Morse instrument. A ribbon of paper is 
drawn through the “ Morse ” by clockwork, and at each contact — at 
each revolution of the radiometer— a record is printed on tne strip of 
paper by dots ; close together if the radiometer revolves quickly, 
farther apart if it goes slower. 

Here the inner magnet is too strong to allow the radiometer to 
start with a faint light without some initial impetus. Imagine the 
instrument to be on the top of a mountain away from everybody, and 
I wish to start it in the morning. Outside the bulb are a few coils of 
insulated copper wire, and by depressing the key for an instant I pass 
an electric current from the battery through them. The interior 
magnet is immediately deflected from its north-south position, and the 
impetus thus gained enables the light to keep up the rotation. In a 
proper meteorological instrument I should have an astatic combination 
inside the bulb, so that a very faint light would bo sufficient to start 
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it, but in this case I am obliged to set it going by an electric current. 
1 have placed a candle near the magnetic radiometer. 1 now touch 
the key; the instrument immediately responds; the paper unwinds 

MAGNET 



from the Morse instrument, and on it you will see dots in regular 
order. I put the candle 8 inches off, and tho dots come wide apart. 
I place it 5} inches off, and two dots come where one didT)eforo. I 
bring the candle 4 inches from the instrument, and tho dots become 


FJG.IO. 



four times as numerous (Fig. 10), thus recording automatically the 
intensity of the light falling on the instrument, and proving tlmt in 
this case also the radiometer obeys the law of inverse squares. 
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This instrument, the principle of which I have illustrated to-night, 
is not a mere toy or scientific curiosity, but is capable of giving 
much useful information in climatology. You arc well aware that 
the temperature, the rainfall, the atmospheric pressure, the direction 
and force of the wind, are now carefully studied in most countries, in 
order to elucidate their sanitary condition, their animal and vegetable 
productions, and their agricultural capabilities. But one most im- 
portant element, the amount of light received at any given place, has 
been hitherto but very crudely and approximately estimated, or rather 
guessed at. Yet it cannot be denied that sunlight has its effect upon 
life and health, vegetable, animal, and human, and that its relative 
amount at any place is hence a point of no small moment. Tlic diflfi- 
culty is now overcome by such an instrument as this. The radio- 
meter may bo permanently placed on some tall building, or high 
mountain, and, by connecting it by telegraphic wii’cs to a central 
observatory, an exact account can be kept of the proportion of sunlight 
received in different latitudes, and at various heights above the sea 
level. Furthermore, our records of the comparative temperature of 
diflerent places have been hitherto deficient. The temperature of a 
country depends partly on the amount of rays which it receives direct 
from the sun, and partly on the atmospheric and oceanic currents, 
warm or cold, which sweep over or near it. The thermometer does 
not discriminate between tlicse influences; but the radiometer will 
enable us now to distinguish how much of the annual temperature of 
a place is duo to the direct influence of the sun alone, and how much 
to the other factors above referred to. 

I now come to the last question which I stated at the beginning of 
this discourse, “ What is the amount of force exerted by radiation ? ” 
Well, I can calculate out the force in a certain way, from data supplied 
by this torsion apparatus (Fig. 4). Knowing the weight of the beam, 
the power of the torsion fibre of glass, its time of oscillation, and the 
size of the surface acted on, it is not difficult to calculate tljc amount 
of force required to deflect the beam through a given angle ; but I 
want to get a more direct measure of the force. I throw a ray of 
light upon one of these instruments, and it gives a push ; surely it is 
possible to measure the amount of this push in parts of a grain. This 
I have succeeded in doing in the instrument behind me ; but before 
showing the experiment I want to illustrate the principle upon which 
it depends. Here is a very fine glass fibre suspended from a hori- 
zontal bar, and I wish to show you the strength of it. The fibre is 
only a few thousandths of an inch thick ; it is about 3 feet long, and 
at the lower end is hanging a scale-pan, weighing 100 grains. So I 
start with a pull of 100 grains on it. I now add little lead weights, 
60 grains each, till it breaks. It bears a pull of 750 grains, but gives 
way when additional weight is added. You see then the great strength 
of a fibre of glass, so fine as to bo invisible to ail who are not close to 
it, to resist a tensilo strain. 

Now I will illustrate another equally important property of a glass 
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thread, viz. its power to resist torsion. Here is a still finer glass 
thread, stretched horizontally between two supports : and in order to 
show its position I have put little jockeys of paper on it. One end is 
cemented firmly to a woc^en block, and the other end is attached to a 
little instrument called a counter — a little machine for registering the 
number of revolutions. I now turn this handle till the fibre breaks, 
and the counter will tell me how many twists I have given this fibre 
of glass. You see it breaks at twenty revolutions. This is rather a 
thicker fibre than usual. I have had them bear more than 200 turns 
without breaking, and some that I have worked with are so fine that 
if I hold one of them by the end it curls itself up and floats^bout 
the room like a piece of spider’s thread. 

Having now illustrated these properties of glass fibres, I will try 
to show a very delicate experiment. I want to ascertain the amount 
of pressure wUch radiation exerts on a blackened surface. I will put 
a ray of light on the pan of a balance, and give you its weight in 
grains ; for I think in this Institution and before this audience I may 
be allowed a scientific use of the imagination, and may speak of 
weighing that which is not afibeted by gravitation. 

The principle of the instrument is that of W. Ritchie’s torsion 
balance, described by him in the ‘ Philosophical Transactions ’ for 
1830. The construction is somewhat complicated, but it can be made 
out on reference to the diagram (Fig, 11). A light beam, A B, having 
2 square inches of pith, C, at one end, is balanced on a very fine fibre 
of glass, D D', stretched horizontally in a tube ; one end of the fibre 
being connected with a torsion handle, E, passing through the tube, 
and indicating angular movements on a graduated circle. The beam 
is cemented to the torsion fibre, and the whole is enclosed in glass 
and connected with the mercury pump by a spiral tube, F, and ex- 
hausted as perfectly os^ possible. G is a spiral spring, to keep the 
fibre in a uniform state of tension. H is a piece of cocoon silk. I is 
a glass stopper, which is ground into the tube as perfectly as possible, 
and then highly polished and lubricated with melted indiarubber, 
which is the only substance I know that allows perfect lubrication 
and will still hold a vacuum. The pith, C, represents the scale-pan 
of the balance. The cross-beam, A B, which carries it, is cemented 
firmly to the thin glass fibre,'' D, and in the centre is a piece of 
mirror, K. Now the cross-beam A B and the fibre D being rigidly 
connected together, any twist which I givo to tho torsion handle E 
will throw &o beam out of adjustment. If, on the other hand, 1 
place a weight on the piece of pith C, that end of the beam will fall 
down, and 1 shall have to turn the handle, E, round and round a 
certain number of times, until 1 have put sufficient torsion on the fibre 
D to lift up the beam. Now, according to tho law of torsion, tbip force 
with which a perfectly elastic body like glass tends to untwist itself 
is directly proportional to the number of degrees through which it 
has been twisted ; therefore, knowing how many degrees of torsion I 
must put on the fibre to lift up the of a grain weight, I can tell 
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how many degrees of torsion are required to lift up any other weight ; 
and conversely, putting an unknown weight or pressure on the pith, 

1 can find its equivalent in grains by seeing how much torsion it is 
equal to. Thus, if of a grain requires 10,000 degrees of torsion, 

of a grain would require 20,000 degrees ; and conversely, a weight 
which required 5000 degrees torsion would weigh 2J5 of a grain. 
Once knowing the torsion equivalent of ^ J j of a grain, the ratio of 
the known to the unknown weights is given by the degrees of torsion. 

Having thus explained the working of the torsion balance I will 
proceed to the actual experiment. On the central mirror I throw a 
ray from the electric light, and the beam reflected on a particular spot 
of the ceiling will represent zero. The graduated circle J of the 
instrument also stands at zero, and the counter which I fasten on at 
the end L stands at O. Tho position of the spot of light reflected 
from the little concave mirror being noted, the torsion balance enables 
me to estimate the pressure or weight of a beam of light to a surprising 
degree of exactness. I lift up my little iron weight by means of a 
magnet (for working in a vacuum I am restricted in tho means of 
manipulating), and drop it in the centre of the pith : it knocks tho 
scale-pan down, as if I had placed a pound weight upon an ordi- 
nary balance, and the index-ray of light has flown far from the zero- 
point on the ceiling. I now put torsion on tho fibre to bring tho beam 
again into equilibrium. The index-ray is moving slowly back again. 
At last it is at zero, and on looking at tho circle and counter I see 
that I have had to make 27 complete revolutions and 301 degrees, or 
27 X 860^ -4- 301® = 10,021®, before tho force of torsion would balance 
the of & grain. 

I now remove tho weight from the pith-pan of my balance, and 
liberate the glass thread from torsion by twisting it back again. Now 
the spot of light on tho ceiling is at zercyand the counter and index 
are again at O. 

Having thus obtained tho value of the a grain in torsion 

degrees, I will get the same for tho radiation from a candle. I place 
a lighted candle exactly 6 inches from tho blackened surface, and on 
removing the screen the pith scale-pan falls down, and tho index-ray 
again flies across the ceiling. I now turn tho torsion handle, and in 
much less time than in tho former case tlio ray is brought back to zero. 
On looking at the counter 1 find it registers four revolutions, and tho 
index points to 188 degrees, making altogether 3G0'^ X 4 -f 188 == 1628'^, 
through which the torsion fibre has to be twisted to balance the light 
of the candle. 

It is an easy calculation to convert this into parts of a grain weight ; 
10,021 torsion degrees representing 0*01 grain, 1628 torsion degrees 
represent 0* 001624 grain. 

10,021® ; 0 01 grain ; : 1628® • 0 001624 grain. 

The radiation of a candle 6 inches off, therefore, weighs or presses the 

2 square inches of blackened pith with a weight of O’ 001624 grain. 
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In my own laboratory, working with tbis torsion balance, I found that 
a candle 6 inches off gave a pressure of 0*001772 grain. The differ- 
ence is only 0*000148 grain, and is fairly within the allowable limits 
of a discourse experiiiieut. I3ut this balance is capable of weighing to 
far greater accuracy than that. You have seen tliat a torsion of 10,021° 
balanced the hundredth of a grain. If I give the fibre 1 degree more 
twist the weight is over-balanced, as shown by the movement of the 
index-ray on tlie coiling. Now 1 degree of torsion is about the 
part of the whole torsion required by tho grain. It represents 
therefore the part of the ^ or the millionth part of a grain. 

Divide a grain weight into a million parts, place one of them on 
tho pan of the balance, and tho beam will be instantly depressed. 

Weighed in this balance tho mechanical force of a candle 12 
inches off was found to be 0*000444 grain ; of a candle 6 inches off, 
0*001772 grain. At half the distance the weight of radiation should 
be four times, or 0 *001770 grain; tho difference between theory and 
experiment being only four-millionths of a grain is a sufficient proof 
that tho indications of this instrument, like those of the apparatus 
previously described, follow the law of inverse squares. An examina- 
tion of tho diffVr.'uecs between the separate observations and the mean 
shows that my estimate of tlie sensitiveness of this balance is not 
excessive, and that in practice it will safely indicate the millionth of 
a grain. 

1 have only had one opportunity of getting an observation of tlie 
w'cight of sunlight : it was taken on Di'ccmber 13th, but’ the sun w'as 
so obscured by thin clouds and haze tliat it was only equal to 10*2 
candles 6 inches off. Calculating from this datum, it is seen that tho 
pressure of sunshine is 2*3 tons i^er square mile. 

But however fair an equivalent ten candles may be for a London 
sun in December, a midsummer sun in a cloudless sky has a very dif- 
ferent value. Authorities differ as to its exact equivalent, but I under- 
estimate it at 1000 candles 12 inches off. 

Let us see what pressure this will give:— A candle 12 inch's off, 
acting on 2 square inches of surface, was found equal to 0* 000444 
grain ; tho sun, equalling 1000 candles, therefore gives a pressure of 
0*414000 grain ; that is, equal to about 32 grains per square foot, to 
2 cwt. per acre, 57 tons per square mile, or nearly three thousand 
million tons on tho exposed surface of tho globe — sufficient to knock 
tho (^arth out of its orbit if it came upon it suddenly. 

It may l)e said that a force liko this must alter our ordinary ideas 
of gravitation ; but it must be remembered that we only know tho 
force of gravity as between bodies such as they actually exist, and w'o 
do not know what this force w^ould be if tho temperatures of the 
gravitating masses w'cro to undergo a change. Jf the sun is gradually 
cooling, possibly its attractive force is increasing, but the rate will 
bo so slow that it will probably not be detected by our present means 
of research. 

Whilst showing this experiment I wish to have it distinctly under- 
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stood that 1 do not attach the least importance to the actual numerical 
results. I simply wish to show you the marvollous sonsitiyeness of 
the apparatus with which I am accustomed to work. I may, indeed, 
say that I know these rough estimates to bo incorrect. It must be 
remembered that our earth is not a lampblackod body enclosed in a 
glass case, nor is its shape such as to give the maximum of surface 
with the minimum of weight. The solar forces which perpetually 
pour on it are not simply absorbed and degraded into radiant heat, 
but are transformed into the various forms of motion wo see around us, 
and into the countless forms of vegetable, animal, and human activity. 
The earth, it is true, is poised in vacuous space, but it is surroimded 
by a cushion of air ; and, knowing how strongly a little air stops the 
movement of repulsion, it is easy to conceive that the sun’s radiation 
through this atmospheric layer may not produce any important amount 
of repulsion. It is true the upper surface of our atmosphere must 
present a very cold front, and this might suffer repulsion by the 
sun ; but I have said enough to show how utterly in the dark we are 
as to the cosmical bearings of this action of radiation, and further 
speculation would be but waste of time. 

It may bo of interest to compare these experimental results with a 
calculation made in 1873, before any knowledge of these facts had 
been made public. 

Professor Clerk Maxwell, in his ‘Electricity and Magnetism,* 
vol. ii. p. 391, writes as follows : “ The mean energy in one cubic 
foot of sunlight is about 0 • 0000000882 of a foot-pound, and the mean 
pressure on a square foot is 0 * 0000000882 of a pound weight. A flat 
body exposed to sunlight would experience this pressure on its 
illuminated side only, and would therefore be repelled frero the side 
on which the light falls.” 

Calculated out, thi§ gives the pressure of sunlight equal to about 
2^ lb. per square mile. Between the 2J lb. deduced from calculation 
and the 67 tons obtained from experiment the difference is great ; but 
not greater than is often the case between theory and experiment. 

In conclusion, I bog to call especial attention to one not unim- 
portant lesson which may bo gathered from this discovery. It will 
be at once seen that the whole springs from the investigation of an 
anomaly. Such a result is by no means singular. Anomalies may 
be regarded as the finger-posts along the high road of research, point- 
ing to the bye-ways which lead to further discoveries. As scientific 
men are well aware, our way of accounting for any given phenomenon 
is not always perfect. Some point is perhaps taken for granted, some 
peculiar circumstance is overlooked. Or else our explanation agrees 
with the facts not perfectly, but merely in an approximate inanner, 
leaving a something still to be accounted for. Now these residual 
phenomena, these "very anomalies, may become the guides to new and 
important revelations. 

In the course of my research anomalies have sprung up in every 
direction. I have felt like a traveller navigating some mighty river 
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in an unexplored continent. I have scon to the right and the left 
other channels opening out, all claiming investigation, and promising 
rich rewards of discovery for the explorer who shall trace them to 
their source. Time has not allowed mo to undertake the whole of a 
task so vast and so manifold. I have felt compelled to follow out, as 
far as lay in my power, my original idea, passing over reluctantly the 
collateral questions springing up on either hand. To these 1 must 
now invite the attention of my follow- workers in Science. There is 
ample room for many inquirers. 

Nor must we forget that the more rigidly we scrutinize our 
received theories, our routine explanations and interpretations of 
nature, and the more frankly we admit their shortcomings, the greater 
will bo our ultimate reward. In the practical world, fortunes have 
been realized from the careful examination of what has been ignorantly 
thrown aside as refuse ; no less, in the sphere of Science, are repu- 
tations to be made by the patient investigation of anomalies. 

IW. C.] 



Friday, February 18, 1876. 

George Busk, Esq. F.R.S. Treasurer and Vice-President, 
in the Chair. 

C. William Siemens, Esq. D.C.L. F.R.S. M.U.I. 

The Action of Light on Selenium, 

When, upon former occasions, I have ventured upon this arena, it havS 
been for the purpose of placing before you the results of inquiries of 
my own into special subjects, which circumstance gave me some title 
to your indulgence. 

This evening I cannot claim the same advantage, because the 
subject matter which I am about to bring before you is almost cntirtdy 
the result of the investigations of others, and especially of my brother, 
Dr. Werner Siemens, who has not the opportunity of addicssing you 
himself. 

It is, however, a matter of undoubted interest, and in mention- 
ing some time ago the result of my brother’s investigatioim to my 
friend Dr. Tyndall, I did so in the hope tliat he miglit feel disposed 
to deal with this subject in his own masterly fashion, and that T 
should thus procure for the members of tlie Royal In^itiition an 
evening both pleasant and instructive. I did not succeed, however, in 
obtaining for them such a treat, and it has become my duty to graj)ple 
personally W'ith this subject, for which I possess no other qualifica- 
tion than a somewhat intimate acquaintance with a kindred subject, 
that of the influence of heat ujion metallic conductors, on which 1 had 
the honour of addressing you a few years ago. 

Amongst the powers of nature, light seems to bo the one which 
enters least into the composition of matter. I'he beam of light falling 
upon the landscape, or upon a work of art, reveals instantly its form 
to our minds, but with the disappearance of the light its effects seem 
to vanish entirely : the landscape and the work of art still remain 
the same, and may bo brought back again to our ocular perception, 
accompanied by all the beautifying effects of light and shade and 
colour, and yet there seems to bo no permanent effect produced in the 
material condition of the objects before us. Shall wo wonder, then, 
that the true nature of light has remained a mystery more pro- 
found than that of the other forces in nature, and that Newton jiimsolf 
exclaimed, in desponding mood, the memorable words, “Nil luco 
obscurius.” 

How well does this modest exclamation sit upon the brow of 



LIBRARY OF SCIENCK 


467 

him who has done more to explain the mysteries of light than all 
other philosophers both before and after his time ; and how strangely 
does it contrast with the self-assurance of his antagonists and critics, 
amongst whom I cannot refrain from citing Goethe, who, himself a 
moral philosopher, poet, and reader of the human soul of prodigious 
power, had taken up a branch of science as a pastime, and was evi- 
dently prouder of his misconceptions regarding the nature of light 
than he was of his ‘ Faust * or ‘ Wilhelm Meister.’ In his ‘ Farben- 
lehro ’ occurs the following allusion to Newton’s exclamation before 
quoted : 

“ Es s]iracli ein grosser Physiens 
Mit seinen Schiilverwaiidtcn, 

* Nil luce obbcurius I * 

Ja wohl fiir Obscuranien ” 

While Newton laid down incontrovertible principles regarding 
the nature of light, it has been reserved for physicists of recent times 
to prove the effects of light upon solids. One of the most beautiful 
illustrations of tlio permanent effects of light upon matter is furnished 
us through photography ; hero the ray of light causes the decom- 
position of compounds of silver in a degree beautifully varying with 
its intensity, ' 

Anotlicr effect of light upon solids is rendered visible by phos- 
phorescent salts, which when acted upon by light continue to glow in 
various colours for a length of time when taken into a dark room, and 
I am enabled by the kindness of Mr. Warren Do la Kuo to show a 
beautiful series of tubes illustrating this effect. 

If anyone required proof that light was a moving force, I would 
refer liim to the discoiirse delivered in this very i)laco a week ago, 
when Mr. Crookc^s gave motion to his radiometer by means of rays of 
light. But I would go a stop farther, and say that liglit is perhaps 
the most poteutial force in nature, because it covers the earth with 
trees and vegetation of all kinds. It is true tliat the mushroom 
thrives iu w'hat appears to us utter darkness ; and witliin the last few 
days Dr. Diggs has called my attention to a fungus w^hich grows in 
the deep recesses of the Derbyshire caves, where it lives without the 
help of light; but an analysis of this fungus shows that it contains 
no woody tibre or solid carbon, and so helps to favour the hypo- 
thesis that it is not heat hut th^ ray of light which breaks up carhonic 
acid iu the leaves of plants iu order to separate the carbon. Carbonic 
acid can indeed be broken up by heat; but it has been shown by 
Bunsen and De Villo that a temperature of 2500"* C. is necessary for 
its accomplishment — a degree of heat which would at once destroy 
all vegetable organization. 

Different from these effects of light upon solids is that which 
forms the subject matter of my discourse, viz. the effect of light upon 
selenium. 

Selenium is an elementary body, which was discovered by Berzelius 
in 1817 in the residues resulting from the distillation of iron pyrites. 
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It is fusible, combustible, and similar in many other respects to 
sulphur, phosphorus, and tellurium. It is in fact one of those 
substances which ore placed by chemists upon the border between 
metals and metalloids, and, like a true borderer, selenium refuses to 
be amenable to the laws governing either of these natural groups. 
If melted (at 217°) and cooled rapidly, it presents a brown amorphous 
mass of conchoidal fracture, which like sulphur and phosphorus is 
a non-conductor of electricity. But if a stick of this amorphous 
selenium is exposed for some time to the heat of boiling water, a 
structural change becomes observable : it assumes a crystalline frac- 
ture, and when again inserted in the galvanic circuit it is found to be 
a conductor of electricity. Professor Adams has shown recently that 
its conductivity is different when the current passes through in one 
direction or the other, and it may here also bo observed that its 
conductivity in this form is still very slight, so that a powerful 
battery and a delicate galvanometer are necessary to show the effect. 
The same observer has also found, that, contrary to what takes place 
in metallic conductors, the conductivity of this substance increases 
with the power of the battery employed, a circumstance which makes 
it inapplicable as a substitute for resistance coils in the Wheatstone 
bridge arrangement. 

On the 12th February, 1873, the Society of Telegraph Engineers 
received a communication from one of its members (Mr. Willoughby 
Smith *) to the effect that a stick of crystalline selenium, such as had 
been used for some time in telegraphy where high electrical resist- 
ances were required, offered considerably less resistance to a battery 
current when exposed to light than when kept in the dark. The 
statement of this observation, which had first been made bj^Mr. May, 
Mr. Willoughby Smith’s assistant, stationed at Valontia, was received 
naturally with some incredulity. Could it bo possible that the mere 
superficial action of light upon a solid substance could so change 
instantaneously its internal condition as to open among its particles 
flood-gates for the passage of the electric current, to close again upon 
the removal of the light? Yet the fact announced by Mr. Willoughby 
Smith was soon corroborated, first, by the Earl of Eosse, who proved 
clearly that the action was due solely to light, and afterwards by 
Lieut. Sale, E.N., whose further researches on this subject are described 
in the ‘ Proceedings of the Royal Society,’ vol. xxi. p. 283, and in 
Poggendorff’s ‘ Annalen,’ bd. 150, s. 333. 

Here the matter rested, when within the last twelve months, it 
was taken up by two independent inquirers ; one in this country and 
the other in Germany ; the one being my friend Professor Adams, of 
King’s College, who has recently communicated the result of his 
researches to the Royal Society, and the other my brother Dr. Wemer 
Siemens, who has n^de communications of his results to the Academy 
of Sciences of Berlin. It is interesting to observe the difference of 

* ‘Journal of Society of Telegraph Engineers,’ vol. ii. p. 31. 



LIBRARY OF SCIENCE 


469 

methods by which each of these two inquirers arrived at results 
agreeing on many points of fact, while they differ in the deductions 
draw^ from them, and in their application upon other branches of 
inquiry. I may here mention that when I expressed my willingness 
to bring this subject before the Boyal Institution, I was not aware 
that Professor Adams was engaged upon it, and under these circum- 
stances I may bo excused if I dwell principally upon my brother’s 
experimental researches, with which I am best acquainted, and re- 
garding which he desires mo to acknowledge the valuable assistance 
rendered him by Dr. Obach. 

One of my brother’s achievements in his recent researches con- 
sisted in giving to the selenium under observation such a form that 
the surface action produced by the light attains its maximum effect, 
and that instead of large galvanic batteries and delicate galvanometers 
being required to obtain indications, one single Daniell cell and a 
galvanometer of ordinary construction suffice to produce decided 
results. His sensitive element is composed in the following manner : 
Two spirals of thin iron or platinum wire are laid upon a small plate 
of mica in such a manner that the two wires run parallel without 
touching ea^h While in this position a drop of fluid selenium 

is made to fall upon the plate, filling the interstices between the 
wires, and before the selenium has had time to harden, another thin 
plate of mica is pressed down upon it so as to give firmness to the 
whole. Instead of spirals of wire, a double grating of wire so 
arranged that the zigzags of the one wire do not touch the interlacing 
zigzags of the other is sometimes used, and it will bo observed that 
the size of the whole spirals or gratings hardly exceeds the size of 
a threepenny piece. These are shown in Diagram No. 1. 

Fio 1 


A 



The two protruding ends of the two spirals or gratings serve to 
insert this selenium element in a galvanic circuit. I here hold an 
element so prepared of amorphous selenium, which I place in a dark 
box, and insert in a galvanic circuit comprising a Daniell’s cell and 
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a delicate galvanometer, the face of wliich will be thrown upon the 
screen through a mirror by means of the electric lamp. In closing 
the circuit it will be scon that no deflection of the needle ensues. 
We will now admit light upon the selenium disc, and close the cir- 
cuit, when again no deflection will bo observed, showing that the 
selenium in its present condition is a non-conductor both in the dark 
and under the influence of light. I will now submit a similar disc 
of selenium, which has been kept in boiling water for an hour and 
gradually cooled, to the same tests as before. In closing the circuit 
while the plate is in the dark, a certain deflection of the galvano- 
meter will be discernible, but I will now open the lid of the box so 
as to admit light upon the disc, when on again closing the circuit a 
slight deflection of the galvanometer needle will bo observed. In 
closing the box against the light, this deflection will subside, but 
will again bo visible the moment the light is readmitted to the box. 
Here we have then the extraordinary eftbet of light upon selenium 
clearly illustrated. 

I will now insert into the same circuit another selenium plate 
which has been heated up to 210^ C., and after having been kept at 
that temperature for several hours has been gradually cooled ; it will be 
observed that this plate is aficcted to a greater extent than the former 
by the action of light, and other conditions to which I shall presently 
allude prove the selenium heated to a higher temperature to l)o in 
other respects dissimilar to the other two modifications of the same. 



These differences will be best revealed in describing my brother’s 
experiment. Ho placed one of his amorphous preparations of selenium 
in an air bath heated above the melting point of selenium (to 260° C.), 
while the connecting wires were inserted in a galvanic circuit con- 
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Bisting of only one Daniell’s element and a delicate reflecting galvano- 
meter, and every five minutes the temperature and conductivity of the 
Belenium were noted. The results obtained are shown on the Diagram 
No. 2, in which the abscissa) represent temperatures, and the ordinates 
the conductivity of the selenium while in the dark. It will be observed 
that up to the temperature of 80° C. no current passed, tliat from this 
point onward the conductivity of the material rapidly increased until 
it attained its maximum at the temperature of 210° C., being nearly 
its meltuig point, after which an equally rapid diminution of con- 
ductivity commenced, reaching a minimum at the temperature of about 
240° C., when the conductivity was only such as could be detected 
by a most delicate galvanometer. In continuing to increase the tem- 
perature of the fluid selenium very gradually but steadily, its conduc- 
tivity increased again. The dotted lino shows the conductivity on 
cooling. 



The curves on Diagram No. 3 give a comparison between 
the effects which actually take place in heating the selenium, and 
what would take place if the selenium did not melt nor undergo 
chemical change during heating. In this case the abscissa) represent 
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periods in minutes from the commenooment of the plunging of the 
selenium into the hot bath^ while the ordinates represent conductivity 
and temperature respectively, on the curves, as marked. Up to the 
temperature of 88° C., the actual and theoretical curve accord exactly, 
but from this point onward the temperature of the selenium took the 
lead of that shown on the theoretical curve, firstly proving a sponta- 
neous liberation of heat within the mass, and secondly an absorption 
of heat during melting, as indicated by the relative positions of the 
curves at the melting point 217° C. The beginning and end of the 
two curves correspond exactly. The theoretical curve is marked 

The intoy)rotation of these experiments, which are of too delicate 
and elaborate a nature to be repeated here, is as follows : Amorphous 
selenium retains a very largo amount of specific heat, which renders it 
a non-conductor of electricity : when heated to 80°, this amorphous 
solid mass begins to change its amorphous condition for the crystalline 
form, in which form it possesses a greatly reduced amount of specific 
heat, giving rise to the increase of temperature beyond that of sur- 
rounding objects when the change of condition has once set in. If 
care is taken to limit the rise of temperature of the selenium to 
100° C., and if it is very gradually cooled after having been maintained 
for an hour or two at that temperature, a mass is obtained which 
conducts electricity to some extent, and which show's increased con- 
ductivity under the influence of light. But in examining the 
conductivity of selenium so prepared at various temperatures below 
80°, and without accession of light, it was found that its comhictivity 
increases with rise of temperature^ in which respect it resembles 
carbon, sulphide of metals, and generally the electrolytes. This 
my brother terms his first modification of selenium. But in extend- 
ing the heating influence up to 210°, and in maintaining that t(*mpe- 
rature by means of a bath of paraffin for some hours before gradually 
reduciilg the same, he obtained a second modification of selenium in 
which its conductivity increases with fall of temperature, and in which 
modification it is therefore analogous to the metals. This second 
modification of selenium is a better conductor of electricity than the 
first, and its sensitiveness to light is so great that its conductivity in 
sunlight is fifteen times greater than it is in the dark, as will bo seen 
from the following table, and in Diagram No. 4, in which is given the 
effects of different intensities of light on selenium (Modification II.) 
obtained at Woolwich on the 14th February, 1876 : 


Seleniom in 

Relative Conductivities. 

Deflections | Ratio. 

Resistance iti Ohms. 

1. Dark 

.. 1 32 

1- 

10,070,000 

2. Diffused daylight .. 

110 

3*4 1 

2,930,000 

3. Lamplight 

180 

5-6 

1,790,000 

4. Sunlight 

470 

14-7 

' 680,000 
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It is not, however, so much in relation to other elements that 
vanadium is interesting, as by vii-tue of the remarkable properties 
which the metal itself possesses. Thus the lowest stage of oxidation 
which the element can assume, viz. V2O2, is a powerful reducing 
agent, bleaching indigo by reduction almost as quickly as chlorine 
does by oxidation. On allowing the solution thus bleached to stand, 
the hypovanadous salt at once takes up oxygen from the air, and 
indigo blue appears again. On the other hand, the highest oxide 
VaOs parts with its oxygen readily, and is easily reduced by organic 
matter to a lower oxide ; acting in this respect like the highest oxide 
of chromium CrOa. 

This property of vanadic acid enables this substance to bo employed 
in photography.* If gelatine be mixed with sodium di vanadate, and 
the film unequally exposed to light, the portions strongly insolated 
become slightly loss soluble in warm water tlian the non-exposed 
portion, so that it is possible to print from such a film. Again, 
if paper which does not contain any animal size is coated with a 
solution of sodium ortho-vanadato and then exposed to light, the 
portion insolated assumes a dark tint dependent upon the length 
of exposure and^ the strength of the solution employed. If the paper 
thus prepared be immersed, alter exposure, in a solution of silver 
nitrate, the colour in the exi>osed j)art instantly changes to a dark 
brown or black colour, doubtless due to the reduction of the silver 
salt by the vanadous compound form<‘d in the paper. Paper thus 
prepared may bo used for photographic printing. The unoxposed 
{portions of the print are in this i)rocess coated witli yellow silver 
ortho- vanadate ; but this can be completely removed by ammonia or 
by sodium hyposulphite. Silver ortho- vanadate is capable of forming 
a latent image, like the chloride or bromide, and this may bo doveloi>ed 
by the ordinary ferrous developer. Two or three minutes* exposure 
to sunlight is needed. In the dcvelojiment little or no silver nitrate 
must be present. 

By far the most important and interesting application of vanadium 
is, however, that recently suggested f(»r the preparation of a permanent 
black which is now largely coming into use amongst dyers and calico 
printers, and is already extensively employed as a permanent marking 
ink. 

Of the commercial value of a pornianont rich black dye it is 
difficult for the uninitiate<l in such matters to form an idea. Suffice it 
to say that it is very great. Wo must, however, remember that this 
application of vanadium is only in its infancy, and whether the 
vanadium black will realize all the requirements of practice is a ques- 
tion which can only bo settled by long and patient inquiry ; still it 
Las already so far proved a success that we may look forward with 
confidence to its future. 

It is not at first sight easy to understand ho^^ a rare substance like 


TLiti proiK>:i.tl was firot ma le by Mr. Jame.s Gibbous in 1874. 
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yanadium, the price of which not long ago was 1^. 6d. per grain, and 
which even now cannot be obtained for loss than a grain, can be 
employed for the production of a black colour, which, if not cheap and 
able to compete with the other common dyes, is of course useless in a 
practical and commercial point of view. 

In order to understand the possibility of the technical application 
of one of Nature’s rarest gifts, the history of the preparation of 
aniline black must be noticed. The splendid red, crimson, violet, green, 
and blue colours which are obtained from aniline are now universally 
known and appreciated, and their wide-spread manufacture serves as a 
striking illustration of the value of original scientific investigation. 
It is, however, not so generally known that not only the bright and 
gay colours, but also sombre browns and jetty blacks — by far the 
most valuable because by far the most generally used of colours — can 
bo obtained from aniline. 

In the year 1860, Mr. John Lightfoot, calico printer, of Accring- 
ton, appli^ to the processes of calico printing a black colouring 
matter which had been previously obtained in the manufacture of mauve 
from aniline by Messrs. Roberts, Dale and Co,, of Manchester. 

This black colouring matter is invariably formed when' either 
aniline or toluidine, or mixtures of these two substances, are sub- 
jected to oxidizing actions ; but in spite of several researches which 
have recently been published on aniline black, wo are as yet unac- 
quainted with its chemical formula, nor indeed can wo say that it 
even possesses a constant chemical composition. 

In order that a colouring matter shall be fixed or permanent, it 
must bo fastened in some way to the fibre of the cloth. In the case 
of cotton this is generally effected (1) either by the precipitation of 
the soluble colouring matter in the fibre by means of a mordant 
which forms an insoluble compound termed a lake with the colour, as 
in madder dyeing and steam-colour printing ; or (2) by the fixation 
of the -colour by means of albumen, as in pigment printing; or (3) 
by the gradual oxidation and consequent precipitation of the colouring 
matter in the fibre, as in indigo printing. It is to this latter class of 
processes that aniline-black dyeing or printing belongs ; for the aniline 
salt under the action of certain oxidizing agents passes more or less 
quickly from the condition of a colourless solid readily soluble in 
water, into that of a black amorphous insoluble powder not to bo dis- 
tinguished at first sight from soot. Hence if the cloth can bo impreg- 
nate with the aniline and with the oxidizing agent at the same time, 
and if the process of oxidation can bo allowed to go on in the 
fibre, the black will be formed and will bo permanently fixed in the 
fabric. 

Many oxidizing agents, such as chlorine, ozone, or electrolytic 
oxygen, have the power of transforming anilino into tl^s black 
pigment. In most cases a high temperature is needed for this 
purpose. Thus, for instance, if aniline is heated with chlorate of 
sodium, and if then hydrochloric acid be carefully added, a deep black 
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almost solid mass is produced. In order, however, that the process 
may bo employed in dyeing and calico printing, it is absolutely 
necessary to avoid high temperatures as well as the action of strong 
acids, because when exposed to these the cloth invariably is rotted or 
becomes “ tender.” If a more mixture of aniline salt and chlorate of 
potash be heated strongly enough, the black is formed ; but the heat 
necessary to produce the colour is sufficient, together with the hydro- 
chloric acid which is at the same time liberated by the decomposition, 
to make the cloth rotten, and therefore to render this process useless. 

It was found by Lightfoot that if an addition of 4 ounces of 
nitrate of copper solution was made to the pound of aniline and 
to the chlorate, the oxidation of the aniline went on at a lower 
temperature than when the copper salt was absent, and hence, when 
carefully worked, the black could be formed by this process without 
tendering the cloth. Certain technical objections to this process, 
however, soon arose; and in 1865 Lauth proposed to use the in- 
soluble copper sulphide instead of the soluble nitrate, by which 
means he prevented the deposition of copper on the “rollers” and 
on the “ doctors ” which took place in Liglitfoot’s process. The 
method thus r, '^dihed has been and is now extensively used for 
the production of black, and the chief, if not the only, objection 
which can be urged against it is that the black thus obtained is 
not perfectly permanent, but is liable to become green when exposed 
to reducing agents, such as the sulphurous acid contained in tho 
impure air of our towns. This is, however, a serious drawback, and 
one which those practically engaged in solving such problems have 
not been able to remove. So much so indeed is this the case, that 
it is generally believed that the property of aniline black to become 
green when exposed to sulphurous acid, and to return to the black 
when treated with alkalies, is an essential property of the substance, 
which may be compared with the property of litmus to change colour 
in presence of acids and alkalies. 

That tho aniline black can not only bo produced in presence of 
copper but also, as Mr. Lightfoot showed in the year 1871, in 
presence of vanadium salts, and that by vanadium alone can the black 
be obtained of tho requisite permanent character, has now been 
proved beyond doubt. Moreover, tho quantity of the vanadium 
necessary in order to produce the oxidation of the aniline is about 
one thousand times less than that of the copper. Thus if a piece 
of calico be dipped into a solution of 2*5 grains of vanadate of 
ammonia dissolved in a gallon of water and then dried, the cloth thus 
prepared is capable of producing an intense black if treated w'ith the 
mixture of aniline salt and chlorate. In tho same way if 1 gallon of 
colour be made containing 20 ounces of aniline hydrochlorate, 10 ounces 
of chlorate of soda, and 3 grains of vanadate (»f ammonia, a mixture 
is obtained with which no less than from 20 Lo 25 pieces, or from 
500 to 600 yards of cloth, such as that exhibited, can bo thus printed 
of a permanent black. 
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In dyeing also, the vanadium will be oxtensivoly used ; and in the 
same way only mere traces of this rare metal are requisite, whereas 
the copper black cannot be used for dyeing. Thus, for instance, 
1 gallon of colour intense enough to dye 40 lbs. of cotton yarn black 
is obtained by mixing 8 ounces of aniline hydrochlorate, 4 ounces of 
sodium chlorate, and 8 grains of vanadate of ammonia. Cotton, wool, 
or silk dipped twice into this mixture and then aged, or allowed to 
oxidize, and raised ” in a solution of carbonate of soda, is dyed a 
deep rich and permanent blue black. The goods may also be allowed 
to steep in a bath of the above strength for three days, then well 
washed in warm water, or boiled in a weak solution of acetic acid, to 
remove an} bronze colour found on the surface of the silk or wool. 
The permanent black is then formed, and the hbre found to be quite 
strong. 

The part played by vanadium in the formation of the black colour 
may be easily explained, when we remember the ease with which the 
metal passes from one degree of oxidation to another, thus from 
VaOfi the highest degree, to VaO^, and vice versd. In this way it 
doubtless acts, as M. Guyard has suggested, as a carrier of the oxygen 
of the chlorate to the aniline, being alternately reduced and re- 
oxidized, so that an infinitely small quantity of vanadium compound 
will convert an infinitely large quantity of aniline salt into aniline 
black, reminding one of the action of nitrous fumes in the leaden 
chamber. 

Some time after the discovery of aniline black, Mr. Eobert 
Pinkney, of the firm of Messrs. Blackwood and Co., of London, dis- 
covered, independently of Mr. Lightfoot, that vanadium can be most 
advantageously substituted for copper in the formation ofianiline black ; 
and he employed this reaction for the preparation of a perraanont 
marking ink termed/* Jetoline,” of which many thousands of bottles 
have been sold. A few grains of vanadium — say from seven to twelve 
— being sufficient to produce, together with hydrochlorate of aniline 
and chlorate of soda, a gallon of marking ink. 

The subject of the use of vanadium as a valuable dyeing agent 
was next taken up by the Magnesium Metal Company, of Patricroft, 
near Manchester; and, thanks to the unwearied exertions of Mr. 
Samuel Mellor, this firm have now succeeded not only in securing a 
very considerable supply of the rare element which occurs in tho 
Keuper sandstone as the new mineral Mottramite, but are now in a 
position to produce a vanadium black for both calico printing and 
dyeing which is perfectly permanent. This is the more remarkable, 
as up to this time no aniline black made with copper has been 
produced in commerce which will withstand the reducing action of 
sulphurous acid. 

As the resifft of a large number of experiments made with various 
qualities of commercial aniline, and by varying the strengtiis of solu- 
tions, proportions of aniline and sodium chlorate employed, and also 
by altering tho temperature and tho conditions of ageing, Mr. Mellor 
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has found (1) that within certain limits the purer the aniline used, 
the deeper and more permanent is the black obtained. (2) That there 
is a maximum density of colour, beyond which if larger proportions 
of aniline salt and chlorate are used, corresponding advantages 
of colour are not obtained. This maximum colour is yielded by 
16 ounces to 20 ounces of hydrochlorate of aniline per gallon of 
colour. (3) That for the formation of a permanent black, the amount 
of aniline salt and sodium chlorate used for 1 gallon of colour must 
bear a definite relation to each other, the weight of sodium chlorate 
being about one-half that of the aniline hydrochlorato used. (4) That 
the permanency of the black depends very much upon the care and 
skill shown in “ ageing ” the cloth. If tho cloth is aged in a moist 
atmosphere a blue-black is developed, which is very fleeting ; but if 
aged in a dry air, and at a high temperature, a permanent black is 
obtained. It is also interesting to learn that for other colours also, 
tho use of vanadium appears to bo of value, as in tho production of 
catechu browns as well as in some of tho brighter aniline dyes. 

It is indeed impossible to say what important technical functions 
this rare and hitherto unapplied substance may not fulfil. Only tho 
other day was accounted one of our greatest chemical 

curiosities, and tho investigation of its properties would have been 
thought, by the practical Englishman, to be a mere waste of time. 

Now, however, wo have in vanadium a now example of the value 
of pure scientific research, which must carry conviction even to the 
most utilitarian of minds. 

[H. E. R] 



Friday, February 2, 1877. 

Sib T. Frbdebiok Elliot, K.C.M.G. Vice-President, in the Chair. 

Pbofessob Osborne Heynolds, 

owiora coLLis^x, mamcbesteb 

Vortex Motion, 

In commencing this discourse the author said. Whatever interest or 
significance the facts I hope to set before you may liave, is in no 
small degree owing to their having, as it were, eluded the close 
mathematical search which has been made for them, and to their 
having in the end been discovered in a simple, not to say common- 
place, manner. In this room you are accustomed to have sot before 
you the latest triumphs of mind over matter, the secrets last wrested 
from nature by gigantic efforts of reason, imagination, and the most 
skilful manipulation. To-night, however, after you have seen what I 
shall endeavour to show you, I think you will readily admit that for 
once the case is reversed, and that the triumph rests with nature, in 
having for so long concealed what has been so eagerly sought, and 
what is at last found to have been so thinly covered. 

The various motions which may bo caused in a homogeneous 
fluid like water, present one of the most tempting fields for mathe- 
matical research. For not only are the conations of the simplest, 
but the student or philosopher has on all hands the object of his 
research, which, whether in the form of the Atlantic waves or of 
the eddies in his teacup, constantly claims his attention. And, 
besides this, the exigencies of our existence render a knowledge of 
these motions of the greatest value to us in overcoming the limitations 
to which our actions are otherwise subject. 

Accordingly we find that the study of fluid motion formed one of 
the very earliest branches of philosophy, and has ever since held its 
place, no subject having occupied the attention of mathematioiaus more 
closely. The results have been, in one sense, very successful ; most 
important methods of reasoning have been developed, mathematical 
methods, whiclf have helped to reveal numberless truths in other 
departments of science, and have taught us many things about fluids 
winch most certainly we should not otherwise have found out, and of 
which we may some day find the application. But as regards the 



LIBRARY OF SCIENGK 


5II 

direct object in view, the revelation of the actual motion of fluids, 
the research has completely failed. And now that generations of 
mathematicians have passed away, now that the mysteries of the mo- 
tions of the heavenly bodies, of the earth itself, and almost of every 
piece of solid matter on the earth have been explained by mathe- 
maticians, the simplest problems of fluid motion are yet unsolved. 

If we draw a disc flatwise through the water, we know by a 
process of unconscious geometrical reasoning that the water must 
move round the disc ; but by no known mathematical process could 
the motion be ascertained from the laws of motion. If wo draw the 
plate obliquely through the water we experience a greater pressure 
on the one side than on the other. Now this case, representing as it 
docs the principle of action of the screw propeller, is of the very 
highest importance to us ; and yet, great as has been the research, it 
has revealed no law by which we may in a given case calculate the 
resistance to be obtained, or indeed tell from elementary principles 
in what way the water moves to let the plate pass. Again, the deter- 
mination of the resistance which solid bodies, such as ships, encounter 
is of such exceeding economic importance, that theory, as shipbuilders 
call it, hayii>;r, failed to inform them what to expect, efforts have been, 
and are still being, made to ascertain the laws by direct experiment. 
Instances might be multiplied, but one other must suffice. If we 
send a puff of fluid into other fluid we know that it will travel to a 
considerable distance, but the manner in which it will travel and the 
motion it will cause in the surrounding fluid, mathematics have not 
reveahd to us. 

Now the reasons why mathematicians have thus been baffled by 
the internal motions of fluids appear to be very simple. Of the 
internal motions of water or air we can see nothing. On drawing 
the disc through the water there is no evidence of the water being 
in motion at all, so that those who have tried to explain these results 
have had no clue ; they have had not only to determine the degree 
and direction of the motion, but also its chameter. 

But although the want of a clue to the character of the motion 
may explain why so little has been done, it is not so easy to under- 
stand how it is that no attempts were made to obtain such a clue. It 
would seem that a certain pride in mathematics has prevented those 
engaged in these investigations from availing themselves of methods 
which might reflect on the infallibility of reason. 

Suggestions as to the means have been plentiful. In other cases 
whore it has been necessary to trace a particular portion of matter in 
its wanderings amongst other exactly similar portions, w^ays have been 
found to do it. It may be argued that the influences which determine 
the path of a particular portion of water are slight, subtle, and 
uncertain, but not so much so as those which determine the path of a 
sheep. And yet thousands of sheep have been from time immemorial 
turned loose on the mountains belonging to different owners, and 
although it probably never occurred to anyone to reason out the paths 
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of his particular sheep, they have been easily identified by the aid of 
a little colour. And that the same plan might bo pursued with fluids, 
every column of smoke has been evidence. 

But these hints appear to have been entirely neglected, and it was 
left for nature herself, when, as it were, fully satisfied with having 
maintained her secret so long, and tired of throwing out hints which 
were not taken, at last to divulge the secret completely in the beau- 
tiful phenomenon of the smoke ring. At last ; for the smoke ring is 
probably a phenomenon of modern times. The curls of smoke, as 
they ascend in an open space, present to the eye a hopeless entangle- 
ment ; and although, when we know what to loc>k for, we can see as 
it were imperfect rings in almost every smoko cloud, it is rarely that 
anything sufficiently definite is formed to attract attention, or suggest 
anything more important than an accidental curl. The occidental 
rings, when they are formed in a systematic manner, come either 
from the mouth of a gun, the puff of a steam engine, or the mouth of 
a smoker, none of which circumstances existed in ancient times. 

Although, however, mathematicians can in no sense bo said to have 
discovered the smoko ring, or the form of motion which it reveals, 
they were undoubtedly the first to invest it with importance. Had 
not Professor Helmholtz some twenty years ago called attention to the 
smoke ring by the beautiful mathematical explanation which bo gave 
of its motion, it would in all probability still be regarded os a casual 
phenomenon, chiefly interesting from its beauty and rarity. Follow- 
ing close on Helmholtz came Sir William Thomson, who invested 
these rings with a transcendental interest by his suggestions that 
they are the type after which the molecules of solid matter are 
constituted. 

The next thing to enhance the interest which these rings excited, 
was Professor TaiPs simple and perfect process of producing them at 
will, and thus rendering them subjects for lecturc-i-oom experiments. 
Considering that this method will probably play a great part in 
perfecting our notions of fluid motion, it is an interesting question 
how Professor Tait came to hit upon it There is only one of the 
accidental sources of these rings which boars even a faint resemblance 
to this box, and that is the mouth of a smoker as he produces these 
rings. This might have suggested the box to Professor Toit. But 
since this supposition involves the assumption that Professor Tait 
sometimes indulges in a bad habit, and as we all know that Professor 
Tait is an eminent mathematician, perhaps wo ought rather to 
suppose that he was led to his discovery by some occult process 
of reasoning which his modesty has hitherto kept him from pro- 
pounding. 

But however this may be, his discovery was a most important one, 
and by its means^the study of the actual motion of these rings has 
been carried far beyond what would otherwise have been posaiblo. 

But it has been for their own sake, and for such light as they might 
throw on the constitution of matter, that these rings were studied. 
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The most important lesson whicli they wore capable of teaching still 
remained unlearned. It does not appear to have occuiTcd to anyone 
that they were evidence of a general form of fluid motion, or that the 
moans by which those had been revealed, would reveal other forms of 
motion. 

There was, however, at least one exception, which will not bo 
forgotten in this room : the use of smoke to show the effect of sound 
upon jets of air. 

Also, the late Mr. Henry Deacon, in 1871, showed that minute 
vortex rings might bo produced in water by projecting a drop of 
coloured water from a small tube. And his experiments, in spite 
of their small scale, excited considerable interest. 

Four years ago, being engaged in investigating the action of the 
screw propeller, and being very much struck by the difference between 
some of the results he obtained and what he had been led to expect, 
the author made use of colour to try and explain the anomalies 
when ho found that the vortex played a part in fluid motion which 
he had never dreamt of ; that, in fact, it was the key to almost all 
the problems of internal fluid motion. That these results wore equally 
new to those who had considered the subject much more deeply than 
ho had, did not occur to him until after some conversation with 
Mr. Froude and Sir William Thomson. 

Having noticed tliat the action of the screw propeller was greatly 
affected when air was allowed to descend to the blades, he was trying 
what influence air would have on the action of a simple oblique vane, 
when a very singular phenomenon presented itself. The air, instead 
of rising in bubbles to the surface, ranged itself in two long horizontal 
columns behind the vane. There was evidence of rotational motion 
about those air lines. It was evident, in fact, that they were the 
central lines of two systematic eddies. 

That there should be eddies was not surprising, but eddies had 
always been looked upon as a necessary evil which besots fluid motion 
as soiii-ces of disturbance, whereas here they appeared to be the very 
means of systematic motion. 

Here then was the explanation of the nature of tho motion caused 
by tho oblique vane, a cylindrical band of vortices continually pro- 
duced at tho front of tho plate, and falling away behind it in an 
oblique direction. 

The recognition of the vortex action caused behind the oblique 
vane, suggested that there might bo similar vortices behind a disc 
moving flatwise through tho water, such as are tho eddies caused by a 
teaspoon. 

There was one consideration, however, which at first seemed to 
render this improbable. It was obvious that the resistance of the 
oblique vane was caused in producing the vertices at its forward part; 
BO that if a vortex were formed behind a flat pbite, as this vortex would 
remain permanently behind, and not have to be continually elongatt'd, 
the resistance should diminish after tho plate was once set in motion ; 
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whereas experience appeared to show that this was by no means tho 
case. It appeared probable, therefore, that from some disturbing 
cause the vortex would not form, or would only form imperfectly, 
behind the plate. 

This view was strengthened when, on trying the resistance of 
a flat plate, it did not appear to diminish after the plate had been 
started. 

Accidentally, however, it was found that if the float to which the 
plate was attached was started suddenly and then released, tho float 
and plate would move on apparently without any resistance. And 
more than this, for if the float were suddenly arrested and released, it 
would take uj) its motion again, showing that it \vas tho water behind 
that was carrying it on. 

There was evidence therefore of a vortex behind the disc. In tho 
hope of rendering this motion visible, coloured water was injected in 
the neighbourho^ of the disc, and then a beautiful voitex ring, 
exactly resembling the smoke ring, was seen to foim behind tho disc. 
If the float were released in time, this ring would carry the disc on 
with it; but if tho speed of the disc were maintained uniform, tho 
ring gradually dropped behind and broke up. Hero then was another 
part played by the vortex previously undreamt of. 

That the vortex takes a systematic part in almost every form of 
fluid motion was now evident. Any irregular solid moving through 
the water must from its angles send oif linos of vortices such as those 
behind the oblique vane. As we move about wo must be continually 
causing vortex rings and vortex bands in tho air. Most of these will 
probably bo irregular, and resemble more the curls in a smoko cloud 
than systematic rings. But from our mouths as we talj( wo must 
produce numberless rings. 

One way in which rings are produced in perhaps as great numbers 
as from our mouths is by drops falling into the sea. If wo colour tho 
surface of a glass vessel full of water, and then let drops fall into it, rings 
are produced, which descend sometimes as much as two or three feet. 

But the most striking rings are those produced in water, in a 
manner similar to that in which tho smoke rings are produced, using 
coloured water instead of smoky air. 

These rings are much more definite than smoke rings, and 
although they cannot move with higher velocities, since that of the 
smoke ring is unlimited, the speed at which they move is much more 
surprising. 

In the air we are accustomed to see objects in rapid motion, and so 
far as our own notions are concerned, we are unaware of any resistance ; 
but this is quite otherwise in water. Every swimmer knows what re- 
sistance water offers to his motions, so that when we sec thesd rings 
flash through the water we cannot but be surprised. Yet a still more 
striking spectacle may be shown, if, instead of coloured watcr^ a few 
bubbles of air bo injected into tho box from which tho puff is sent; 
a beautiful ring of air is scon to shoot along through tho water. 
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showing, like the lines of air behind the oblique vane, little or no 
tendency to rise to the surface. 

Such is the ease with which these vortex rings in water move, and 
so slight is the disturbance which they cause in the water behind 
them, as to lead to the conclusion that they experience no resistance 
whatever, except perhaps a little caused by slight irregularities in 
their construction. Their velocity gradually diminishes ; but this would 
appear to be accounted for by their growth in size, for they are thus 
continually taking up fresh water into their constitution, with which 
they have to share their velocity. Careful experiments have con- 
firmed this view. It is found that the force of the blow they will 
strike is nearly independent of the distance of the object struck from 
tho orifice. 

The discovery of tho ring behind the disc afforded the opportunity 
of observing the characteristics of those rings much better than was 
afforded by tho smoke rings ; and also suggested facts which had pre- 
viously been overlo(3ked. Tho manner of motion of the water which 
formed the ring and of the smTounding w'ater was very clearly seen. 
It was at once seen that the visible ring, whether of coloured water or 
air, was mcr^l^ tho central lino of the vortex ; that it was surrounded 
by a mass of coloured water, bearing something the same proportion 
to tho visible ring as a ball made by wrapping string (in and out) 
round a curtain ring until tho aperture was entirely filled up. Tho disc, 
when it was there, formed tho front of this ball or spheroid of water, 
but tho rest of tho surface of tho ball had nothing to separate it from 
the surrounding water but its own integrity. Yet when the motion was 
very steady the surface of tho ball was definite, and tho entire moving 
mass might bo rendered visible by colour. Tho water within tho ball 
was everywhere gyrating round the central ring, as if tho coils of 
string were each spinning round tho curtain ring as an axis, tho 
water moving forwards through the interior of the ring and backwards 
round the outside, the velocity of gyration gradually diminishing as 
tho distance from the central ring is increased. 

The w'ay in which the water moves to let tho ball pass can also be 
seen, either by streaking the water with colour or suspending small 
balls in it. In moving to get out of the way and lot the ball of water 
pass, the surrounding water partakes as it were of tho gyrating 
motion of tho water within the 6aZZ, the particles moving in a horse- 
shoe fashion, so that at the actual surface of the hall tho motion of the 
water outside is identical with that within, and there was no rubbing 
at tho surface, and consequently no friction. 

The maintenance of the shape of tho moving mass of water against 
the unequal pressure of the surrounding water as it is pushed out of 
tho way is what renders the internal gyratory motion essential to 
a mass of fluid moving through a fluid. The centrifugal force of this 
gyratory motion is what balances tho excess of pressure of tho sur- 
rounding water in the front and roar of tho ball, compared with what 
it is at the sides. 
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It is impossible to have a ring in which the gyratory motion 
is great, and the velocity of progression slow. As the one motion dies 
out so does the other, and any attempt to accelerate the velocity of 
the ring by urging forward the disc, invariably destroyed it. 

The striking ease with which the vortex ring, or the disc with the 
vortex ring behind it, moves through the water, naturally raised 
the question as to why a solid should experience resistance. Could it 
be that there was something in the particular spheroidal shape of these 
balls of water which allowed them to move freely. To try this, 
a solid of the same shape as the fluid ball was constructed and floated 
after the same manner as the disc. But when this was set in motion, 
it stopped directly — it would not move at all. What was the cause of 
this resistance ? Here were two objects of the same shape and weight, 
the one of which moved freely through the water, and the other 
experienced very great resistance. The only diflerenco was in the 
nature of the surface. As already explained, there is no friction at 
the surface of the water, whereas there must be friction between the 
water and the solid. But it could be easily shown tliat the resistance 
of the solid is much greater than what is accounted for by its surface 
friction or skin resistance. The only other respect in which these 
two surfaces differ is that the one is flexible, while the other is 
rigid, and this seems to be the cause of the diflerenco in resistance. 

If ribbons be attached to the edge of the disc, these ribbons will 
envelope the ball of water which follows it, presenting a surface 
which may be much greater than that of the solid ; and yet this, 
being a flexible surface, the resistance of the disc with the vortex 
behind it is not very much greater than it would be without the 
ribbons — nothing to be compared to that of the solid. ^ 

Colouring the water behind the solid shows, that instead of passing 
through the water without disturbing it, there is very great disturb- 
ance in its wake. An interesting question is as to whether this dis- 
turbance originates with the motion of the solid, or only after the 
solid is in motion. This is settled by colouring the water immediately 
in front of the solid before it is started. Then on starting it the 
colour is seen to spread out in a fllm entirely over the surface of the 
solid, at first without the least disturbance, but this follows almost 
immediately. 

Among the most striking features of the vortex rings, is their 
apparent elasticity. When disturbed they not only recover their 
shape, but vibrate about their mean position like an elastic solid. So 
much so, as to lead Sir William Thomson to the idea that the 
elasticity of solid matter must be due to its being composed of vortex 
rings. 

But apart from such considerations, this vibration is interesting 
as showing that tfte only form of ring which can progress stdadily is 
the circular. Two parallel bands, such as those which follow the 
oblique vane, could process if they were infinitely long, but if not, 
they must be continually destroyed from the ends. Those which 
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follow the oblique yane are continually dying out at one end, and 
being formed again at the other. 

If an oval ring be formed behind an oval plate, the more sharply 
curved parts travel faster than the flatter parts ; and hence, unless the 
plate be removed, the ring breaks up. It is possible, however, to 
withdraw the plate, so as to leave the oval ring, which proceeds 
wriggling along each portion moving in a direction perpendicular to 
that in which it is curved, and with a velocity proportional to the 
sharpness of the curvature. So that not only does the ring continu- 
ally change its shape, but one part is continually falling behind, and 
then overtaking the other. 

These were some of the forms of fluid motion which imagination 
or reason had failed to show us, but which had been revealed by the 
simple process of colouring the water. 

Now that we can see what we are about, mathematics can be most 
usefully applied ; and it is expected that when these facts come to be 
considered by those best able to do so, the theory of fluid motion 
will bo placed on the same footing as the other branches of applied 
mechanics. 

[O. E.] 



Friday, February 16, 1877. 

Sib T. Fbbdkrioe Elliot, K.C. M.G. Vice-President, in the Chair. 


Pbofessob Fbedbbiok Guthbib, F.R.S. 

Solid Water, 

Whbn, some months ago, I received, through your excellent Secretary, 
a notification of your wish that I should undertake one of these Friday 
evening discourses, I looked upon the invitation as a command : as a 
command, if for no other reason, because, for some years past, I have, 
through your courtesy, been privileged to participate between those 
walls in many a rare intellectual treat. 

As I cast about for a suitable subject, I felt sure that, at your 
hands, I should not incur the charge of egoism if I brought before 
you, as briefly and simply as I could, the results of some experi- 
mental researches which for the last few years have engrossed my 
leisure time. And whatever hesitation I had in selecting a subject 
of this nature, has been obliterated by the feeling that \«hat I have to 
speak of to-night illustrates a generalization which, I think, has not 
hitherto been enunciated with sufficient distinctness, but which may 
be maintained with gr&t show of reason. I will not call it a law of 
nature, for they who use the term law in connection with natural 
phenomena are, I believe, neither sufficiently alive to the insignifi- 
cance of law, nor to the omnipotence of nature. Let mo therefore 
call what I mean by the more expressive, because more ambiguous, 
term “ Generalization.” It is this : “ Substances which are most abun- 
dant are in their nature most exceptional.” At once, among the 
elements wo find that great trinity, oxygen, hydrogen, and nitrogen, 
standing as a group for removed from other elements, only to differ 
from one another by immeasurable intervals. The metal sodium, 
than which there is none more remarkable, is perhaps the most 
abundant ; while the rarer metals, such as gold, platinum, fyimi'iim 
iridium, &c., have many characteristics in common. 

It will not do to push this proposition too far: for ^ven as 
1 spoke, instances have occurred to yon, as they have to me, where 
the generalization appears at least to fail. If, however, I wished to 
adduce the strongest testimony in its favour, I should speak of water, 
a compound body, and of all compound bodies as simple as any, and 
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perhaps as abundant. Let mo glance at the properties which render 
it pre-eminent. Of all compound liquids, it has by far the greatest 
hardness or cohesion. Gather under like circumstances drops of 
water and of all other known liquids, and you will find those of water 
the largest. Endeavour to pass radiant heat through it, and you find 
it resists such passage with tlie greatest stubbornness : it is eminently 
athermanous. But compare its power of allowing heat of contact to 
pass through, and you find it to bo by far the best liquid heat con- 
ductor. Examine its capacity for heat, and you find that it here 
exceeds all known liquids, with one exception, and that exception is 
a mixture containing a largo proportion of water. Cast light on it, 
and it bends that light less than any substance, excepting its own 
offspring, ieo. Finally, it enjoys that rare and almost unique property 
of having a state of maximum density at a temperature above its 
freezing point. 

On all these grounds, the expression of the old Greek, 

apUTTOV fXiV vSwp, 

seems to have been prophetic, if we understand aptoro? in its simple 
sense of pre-eminence. 

I propose this evening to consider mainly one faculty of water, 
namely, its power of dissolving that innumerable class of bodies 
called salts, which may, I suppose, without much danger of a mis- 
understanding, be considered as bodies soluble in water, and which 
contain metals. I wish to consider the relationship between the 
water and the salt it has dissolved, and I desire to direct especial 
attention to the circumstances under which water becomes solid in 
presence of and in combination with other bodies. 

Water may become solid in a variety of ways. First, by itself, 
losing heat, it becomes ice ; secondly, when thrown upon quick lime 
and similar bodies, by the loss of heat it becomes along with the 
lime a solid, slaked lime ; thirdly, if you pour water upon dri(jd alum 
and similar bodies, and let the solution stand, you get dry crystals, I 
dare scarcely say containing water, but from which water can be 
readily got. Again, if you boil glue or isinglass with water, you get 
a more or less solid jolly, according to the quantity of water you 
employ. 

These various ways by which water may be solidified result in 
the more or less complete obliteration of its character as water. 
Chemists tell us that in the slaking of lime we do not witness the 
mere juxtaposing of a molecule of water alongside a molecule of lime, 
but rather a double decomposition whereby the molecules of each con- 
stituent are decomposed and one or two new molecules are formed ; * 


♦ Not CaO + no = GiOHO, but Ca^O -h H.O = 2CaHO, 

(Ca = 20,H = l.O = 8) (Ca = 20. H = l,0 = 16) 

or CaO + H.O = Ca2nO. 
(Ca = 40, H = 1 , 0 = 16 ) 
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and that when by heat the water from slaked lime is recovered, 
recomposition of quick lime and of water ensues. Far less violent 
is the action when burnt alum dissolves in water, and far more 
readily are the two again separated : while from the ordinary 
“ washing soda ” in moderately dry air the water gradually escapes 
by diffusion into the air. Yet in all these cases the water is held by 
the solid with some strength. Lastly, when glue or gum dissolves in 
water there appears to be no energy expended in the act of solution, 
they mix even as two gases mix. 

Strictly speaking, when a grain of salt dissolves in a gallon of 
water both are destroyed ; the salt ceases to be salt and the water 
ceases to be water : the two form a salt solution. This fact must 
never be forgotten, but its strict observance would land us here in 
the cumbersome restriction of denying the name of water to the 
liquids of our springs, rivers, and seas. 

On the table you see examples of the various kinds of solid 
water. And first stands ice. In this room it is unnecessary for 
me to speak especially of this substance, which has formed for 
you the basis of so many an eloquent discourse. Again, there is 
water of combination, of constitution, of gelatinization, and of 
crystallization. 

It is to be remarked, and is indeed for our present purpose most 
noteworthy, that whole classes of salts are known which solidify 
with water of crystallization, while others of no noticeable chemical 
difference reject water as they build themselves together. Nay, 
more, that salts most closely allied to one another in their chemical 
nature combine with water of crystallization in very different pro- 
portions, What is there peculiar in saltpeter, in lunar>Caustic, in 
sal-ammoniac, that they should hitherto have refused to associate 
themselves as solids with water ; while alum, soda, and the “ vitriols,” 
white, green, and blue, combine with water and form crystals of such 
beauty ; to me of such extreme interest because in their faces and 
edges, as in those of other and anhydrous crystals, nature for once 
makes use of planes and straight lines ? 

It has been my good fortune to have been able, to some extent, to 
wipe out this line of demarcation, to establish continuity ; to prove, in 
short, that all salts whatever, which are soluble in water, are able to 
combine with it in definite weight-ratio to form solid crystalline 
bodies. I do not doubt but that we may consider the number of 
known definite compounds to have been thereby at least doubled. 

The formation of these now solid water-compounds may perhaps 
be best approached by studying the phenomena which take place 
when any salt solution is cooled. Let us consider a boiling saturated 
solution of saltpeter. Take it from over the lamp, and let it cdol. A 
certain quantity of the salt separates out, but the crystals are free 
from water. Cool it down to 0® C., more anhydrous saltpeter 
separates ; but at 0° C. it is still rich in saltpeter, and is, of course, 
saturated at that temperature. What takes place if we go on oooling 
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below 0° C. ? If pure anhydrous saltpeter were to go on separating 
out until it were all out, there would be left at some temperature 
below 0° 0. pure liquid water — an impossibility. If, on the other 
hand, only pure ice were to separate out, we should get at last 
anhydrous saltpeter liquid below 0° 0.: this is equally impossible. 
What actually does occur is this — anhydrous saltpeter goes on 
separating out until the solution has acquired a certain degree of 
weakness (11*20 per cent.), and this stage is reached at a certain 
temperature below 0° C. T— 2*6). When still more heat is with- 
drawn, the temperature reiuses to sink further, and the remainder of 
the solution begins to solidify, and continues to solidify at the tem- 
perature and with the composition it has reached until the last drop 
is solidified. 

If, again, we begin with a very dilute solution of saltpeter, say 
one containing 2 oz. of saltpeter in 98 oz. of water, it is well known 
that such a solution requires to be cooled below the freezing point of 
water before solidification begins; and the differences of opinion 
which have prevailed as to whether pure ice or “ impure ” ice is 
separated in such cases arise apparently from the circumstance that 
solutions of different strength have been examined. From our solu- 
tion, pure ice is separated at a little below 0° C. And as the tem- 
perature falls, more and more ice separates out, thus enriching the 
remaining solution. But this cannot go on indefinitely, for if it did 
BO we should have at last anhydrous saltpeter liquid at some tempera- 
ture below (f C. The enrichment goes on as the temperature falls, 
until the same temperature and the^same composition are reached as 
were reached in the case of the impoverishment of the saturated 
solution by the withdrawal of the saltpeter. And now again the 
temperature ceases to fall, the salt solution ceases to change its com- 
position, the wat^r and saltpeter solidify together at the same tem- 
perature and in the same ratio as they did ^fore, until the last drop 
is solid. 

What manner of body is this which is thus formed ? A solid, of 
crystalline form, consisting of water and saltpeter in fixed ratio, and 
of constant freezing and melting points. A hydrate obviously, and 
because it can only exist in the solid form below the freezing point of 
water, we may call it a cryohydrate. 

Thirty or forty of the most familiar soluble salts have been 
examined in a similar manner and with similar results. Each com- 
bine with a certain proportion of water at a certain temperature 
below zero C. The proportions are different with different salts, and 
so are the temperatures of solidification, and at present I can only see 
indications in a few cases of generalizations connecting the chemical 
compositions with the temperatures. 

The Table A and Diagram B now nearly completely explain 
themselves. 
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Tablb a.— S hows (1) The Chemical Formula of the Salt ; (2) The Lowest 
Temperature to got by mixing the Salt with Ice ; (3) Temperature of 
Solidification of the Cryohtdratb ; (4) Molecular Ratio between Anhy- 
drous Salt and Water of its Cbyohydrate (W ater- worth) ,* (5) Per- 
centage of Anhydrous Salt in Cryohydratb. 


(0 

0 ) 

(3) 

(0 

(0 

Formula of Salt 

Temperature of 

Tempeiature of 
Solullflcalion 

Molecular 

Ratio 

Percentage of 
Anhydrous Salt 



of Cryobydrate. 

or Water-worth 

in Cryohydrate. 

CaCl, 

0 

- 33 

0 

- 37 

11-8 

36-45 

Naltr 

— 28 

-24 

8-1 

41*33 

NH,I 

-27 

-27-5 

6 4 

55-49 

Nal 

— 2^;•5 

-28 

5*8 

59-45 

KI 

-22 

-22 

8-5 

52-07 

NaCl 

-22 

-22 

10 5 

23 -GO 

8 rCl,+ 6H,0.. .. 

- 18 

- 17 

22*9 

27-57 

NH,*SO, 

-17*5 

- 17 

10-2 

41-70 

NH^Br 

- 17 

-17 

11 1 

32 - 12 

NH.NO, 

- 17 

- 17*2 

5-72 

43-71 

NaNO, 

- IG-5 

— 17-5 

8 13 

40-80 

NH,C1 

- IG 

- 15 

12*4 

19 27 

KBr 

- 13 

- 13 

13!>4 

32-15 

KOI 

- 10-5 

- 11-4 

lG-61 

20 03 

KfirO, 

- 10 2 

- 12 

18-8 

3G-27 

BaClj-f 211,0 .. .. 

- 7*2 

- 8 

37-8 

23-2 

AgNO, 

- G-S 

- 6*5 

10-09 

48 38 

Sr,NO, 

- 6 

- 6 

33-5 

25-99 

MgS 04 4- 711,0 .. 

- 5*3 

- 5 

23-8 

21-8G 

Z 1 USO 4 + 711,0 

- 5 

- 7 

20 0 

:io-84 

KNO, 

Na,CO, 

- 3 

- 2'G 

44 6 

11-20 

- 2*2 

- 2 

92 75 

5-97 

CuS 04 + 5H,0 

- 2 

— 2 

43-7 

lG-89 

FeS 04 + 7H,0 

- 1-7 

- 2-2 

41-41 

16-92 

K,S 04 

- 1 5 

- 1*2 

114-2 

7-80 

K,Cr,0, 

Bft2N0, 

1 

' - 0-9 

- 1 
- 0-8 

292-0 

259 0 

5-30 

5-30 

Na,80. + 10H,0 .. 

- 0-7 

- 0 7 

lGj -6 

4-55 

KUO, 

- 0 7 

- 0*5 

222 0 

2 93 

A1,NH,280,+12H,0 

- 0-4 

- 0*2 

2G1-4 

4-7 

HgCl 

- 0*2 

- 0-2 

450-0 

3-21 


In Diagram B are shown, as well as the cryohydrates (which are 
the points of reflexore, or lowest points of each curve), the tempora- 
tures at which various salts of various strengths (a left-hand branches) 
give up ice and (h right-hand branches) give up salt. 

Let me only remark concerning these ratios of Table A, th(|it those 
bodies at the bottom of the list are nearly pure ice, and yel by the 
generalization of continuity they are bodies of similar compoition to 
those at the top «f the list which are well within the li^ts of 
chemical ratio. One is tempted to look upon these ratios ai|» being 
brought about not by the same saturating capacity as determines 






Diagram B. 
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elementary union, but by a kind of crystallographic relationship, 
of which I can say no more because no more is known. 

Very palpable evidence of what we may in this generation call 
physical relationship as distinguished from chemical relationship, is 
shown in the composition of innumerable minerals, and notably in 
the water quantity of various silicates, the composition of which can 
only be reconciled to ordinary chemical ratio by the ^eatest licence 
in arithmetical manipulation. I say, in this generation,” for haply 
the time practically predicted by Berthollet at the beginning of the 
century cannot be remote when the barrier between the two sciences 
will vanish. 

Is it likely that so numerous and interesting a class of bodies 
as these cryohydrais should bo mere creatures of the physical 
laboratory, and be without a function in nature ? I trow not. They 
affect the composition of polar ice as follows. 

Although sea water has no maximum density, and therefore ice 
can bo formed anywhere in its mass, yet it loses heat mainly from the 
smface, and it is there that ice is chiefly formed. If the fall of tem- 
perature be gradual, the crystals of pure water which solidify are for 
the moment surrounded by cold sea water deprived of a portion of 
pure water, that is enriched sea water — a stronger brine. This sinks 
and diffuses, and gives place to fresher sea, which in its turn yields 
pure ice. By gravity and osmose, in time, the pure sea is renewed 
in the region of gelation, and pure ice results. But if the loss of 
heat be sudden and considerable, the salts of the sea are fixed as 
cryohydrates with the water, and so perpetuated in situ according to 
the temperature at which their cryohydrates solidify. And I should 
expect that paleocrystic ice formed from the freezing "n^ea would 
contain the metals sodium, magnesium, and calcium in a different 
relative proportion to that in which they exist in the sea water. Be 
this, however, as it may, it is clear to me that no theory of ocean 
circulation can be complete which does not take into account the 
formation of cryohydrates in the polar regions. 

These compounds of salts with water have both a great use in 
many a familiar operation, and a great significance in many a 
familiar phenomenon. With regard to their use, I need only 
mention the fact, that it is clear that by their means we can 
attain to and maintain with absolute constancy many definite tem- 
peratures below 0° C. For a body plunged into a melting or solidi- 
fying cryohydrate will be maintained at a temperature as constant as 
that of melting ice or freezing water. 

With regard to their significance, they give us a complete key 
to the hitherto closely concealed rationale of freezing mixtures or 
cryogens made by mixing ice or snow with various salts. Jor the 
degree of cold wB!ch can be reached on mixing a salt w^h ice 
can never exceed in lowness the temperature at which the cryo- 
hydrato solidifies, because the consequent solidification of the cryo- 
hydrate would furnish heat. Nay, more. Since of all ratios between 
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the salt and the water that of the cryohydrate demands the lowest 
temperature for solidification, the liquid portion of a freezing mixture 
can neither be stronger nor weaker than the cryohydrate, it is the 
cryohydrate and the slightest further loss of heat causes solidifica- 
tion. Look now at columns (2) and (3) of Table A, and you see 
how closely parallel, how, indeed, within the limits of experimental 
error, identical are the two series of numbers. 

By cooling a thick slab of glass in a freezing mixture, and 
dropping upon it various salt solutions, I show you now a few cryo- 
hydrates in the act of solidification. 

I may mention that not only metallic salts, but crystalline solids, 
of organic and inorganic origin form similar cryohydrates. Amongst 
the most interesting of these aro the cryohydrates of alcohol and 
ether. The latter contains a large proportion of water, and its tem- 
perature of solidification is so little below zero C. that I can show it 
you. Solidified in a test tube, and removed therefrom, it forms a 
white crystalline rod, like a candle. The ether burns away when a 
light is applied to one end, and, by its non-luminosity, clearly illus- 
trates tho generalization of Dr. Frankland, that, other things being 
the same, a ^ cold combustible burns with less luminosity than a 
hot one. 

Lot me here turn for a moment to tho comparison between the 
effects of heat and cold upon salt solutions, and notice how closely 
parallel aro tho two series of phenomena. 

Compare tho decomposition of a salt solution by the loss of 
heat with tho decomposition by gain of heat when such a solution 
boils. And in instituting this comparison, we must bear in mind 
how much more sensitive to variation in pressure is the boiling than 
the solidifying point. 

And before quitting this part of tho subject, I may call^ to mind 


(1) A solution poorer than the cryo- 
hydrato loses heat ; ice is formed. 

(2) This goes on until the proportion 
of the cryohydrate is reached, the tem- 
perature falling. 

(3) The cryohydrate may bo reached 
by freezing out iee from a weaker solu- 
ti(»n, or by any other withdrawal of 
water. 

(4) When ice separates from a Ihpud, 
it remains in contnet with tho liquid, 
and endeavours to redissolve therein. 

(5) Wlien by tho separation of ice 
tho proportion of tho cryohydrate is 
reached (nearly independent of pres- 
sure), ice and the salt separate simul- 
taneously. 


(1) A solution poorer than that satu- 
rated at a given temperature receives 
heat ; vapour is formed. 

(2) This goes on until saturation is 
reached, the temperature rising. 

(3) Saturation may be readied by 
evaporation, boiling, or any otht-r with- 
drawal of water. 

(4) Vapour separated from a liquid 
is removed from the field of contention, 
unless the liquid be enclosed with the 
vapour. 

(5) When by the sepanition of vapour 
the projxirtion of saturation is reached 
(very dependent uiKin pressure), vapour 
and the salt separate simultaneously. 
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(6) The two bodies (ice and the salt) 
being crystallizable solids, unite to foim 
a crystallizable cryohydrate which ex- 
hibits a constant gruYimetiic com|X)8i- 
tion. 

(7) A cryohydrate in the act of solidi- 
fication shows identity of composition 
between the solid and liquid portions. 
The temperature of solidification is 
constant. 


(6) One being a solid and the other 
a vapour, they do not unite, but in 
their separation presirve a constant 
gravimetiic ratio under like conditions 
of pressure. 

(7) A saturated solution, when boil- 
ing, shows the same r.itio between the 
vapour formed and the salt precipitated 
as exists between the liquid water pre- 
sent and the salt it holds in solution. 
The temperature of boiling is (under 
liko pressure) constant. 


the fact that we find amongst the phenomena of igneous fusion facts 
perfectly analogous with those which we have been studying. Thus, 
in Pattinson’s process for the desilverizing of lead, the mass contain- 
ing a small percentage of silver is melted and gradually cooled, lead 
(ice) separates out in almost perfect purity, the temperature sinks, 
and more and more lead is separated, until, as Dr. Percy informs me, 
a two and a quarter per cent, of silver lead alloy, a pyro-plumbide 
(a cryohydrate), is reached. 

Lastly, let us reflect upon the solidification of water in jellies, and 
its attitude towards colloid bodies. 

My illustrious teacher Graham, in a series of researches which 
have perhaps never been surpassed for philosophical insight, showed 
how all matter is divisible into two great classes, crystalloid and 
colloid. He proved that a crystalloid body penetrates through a 
colloid without essential obstruction. The colloid and crystalloid 
have no grip on one another. And quite in accordance with (>raham*8 
views I find that, although gum-arabic is far more soluble in water 
than table salt, we totally fail to make a freezing mixture with gum 
and ice or snow. And^ inversely, when a strong solution of gum or 
glue ia cooled, the temperature cannot he brought below 0° C. until 
the whole of the water has been separated as ice. This being so, wo 
ought also to find that the presence of gum or glue in water does not 
raise its boiling point, as do the presence of crystalline salts. Experi- 
ment shows us that the boiling point of water is really and consider- 
ably lowered, so that if, for instance, I remove the atmospheric 
pressure from two vessels slightly warmed, the one containing 
50 per cent, of gum and the other pure water, the gum solution is 
the first to boil. 

In the sei-ies of barometer tubes on the tahlo, whose images 1 
throw on the screen, you have (l)an ordinary barometer, (2) a similar 
barometer with a crystal of alum in tho vacuum, (3) with a saturated 
solution of rock salt, (4) with water, (5) with a morsel of size, and 
(6) with a 50 per cent, solution of gum-arabic. It is observed that 
the depression of Ihe mercury, which of course measures the^ vapour 
tension, is in the order mentioned. Tho solid water of crystallization 
leaves the alum, hut is partly restrained by the affinity of the tesidue. 
Tho saturated salt solution again, hut moro foohly, restrains the 
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water, while the gum and size do not restrain the vapour tension of 
the water at all ; they have no grip on the water. 

Even through the colloid caoutchouc, of which the toy air-balls 
are made, water penetrates with marvellous facility. The one on the 
table, which weighs now about 700 grams, weighed 750 grams only a 
few weeks ago. It has been losing 0 * 06 grams per hour with remark- 
able regularity. And I suppose, if we could see the structure of a 
jelly, we should find it to consist of a network of solid fibres hamper- 
ing the motion of the crystalloid liquid among them ; or of cells of 
solid elastic matter, containing liquid such as the mass of colls on the 
table. 

The hour is up, and I must end. My task will not have been 
essayed in vain if I have brought forward evidence that, in the philo- 
sophy of the simjdest things, yet much remains to be disclosed. Far 
from me the thought of undervaluing the labours of those who from 
time to time enrich science with hundreds of new substances of com- 
plex composition. On the contrary, I admire, I am grateful to them 
for their successful efforts ; for I am thoroughly assured that it is 
by the comparison of tenns of series, which terms stand apart from 
one another by almost imperceptible difierentials, that the great 
integral curves of natural generalizations can be traced out. And 
yet I say, and earnestly maintain, that in the philosophy of the most 
familiar properties of the inert familiar things, there are, as it worn, 
lying at our very doors, vast and unexplored regions; meads brightly 
blooming with the unplucked flowers, and orchards mellow with tho 
un garnered fruits of natural truth. 

[F. G.] 
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Sir W. Frederick Pollock, Bart. M.A. Vice-President, 
in the Chair. 

John Fletcher Moulton, E^q. M.IM. 

Matter and Ether. 

All are familiar with the process by which the discovery of the la vis 
that govern phenomena is eflfected. Close study of various instances 
of some one phenomenon, with their general likeness and their 
individual peculiarities, leads,- either by the slow process of trial and 
error or by some happy guess, to the discovery of the law to which 
the observed variations all conform. When this is once ascertained, 
the whole group of phenomena fall into harmony, and instead of a 
mass of separate observations, science seems but the exemplification 
of a single law. This stop in the simplification and unification of 
nature taken, the human mind is free to seek fuilher conquests. But 
groat as is the advance made by such a step, the mind cannot rest 
content with it. The dry mathematical expressions wliieh we know 
as the laws of nature, are soon felt to assuage scientific g^riosity to a 
very imperfect degree. No sooner have wo discovered the law that 
governs any sot of phenomena, than wo are irresistibly drawn to ask 
the question. How cofiaes it that this is the governing law? of uhat 
set or hidden causes is it the outcome ? And thus wo are led to seek 
for the mechanism of nature and to find the physical causes of its 
laws. Nay, we go farther ; we cannot be content till we discover the 
nature and properties of the subject matter of its phenomena, and can 
deduce from those the previously discovered laws as necessary con- 
sequences. And the complete realization of one part, at least, of this 
search, is not beyond the bounds of possibility. It probably will 
some ^y be known to the human race that the whole of nature is but 
the manifestation of a very few distinct physical existences, possessed 
of known properties of so simple a kind and so universal in their 
presence that experience can never enable us to analyze them farther. 
The possible forms assumed by these elements will 1^ deducijblo from 
their properties ; and the more complex laws that will reglilato the 
behaviour of th&^esulting substances, will bo problems detej^minablo 
irom their known structure. Thus all nature will be theoretically 
the resultant of the interaction of known agencies, and the solution 
will be complete, even though the stupendous difficulties of tho analysis 
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necessary to deduce the laws of even the more simple phenomena 
from the properties of these elements should compel the men of that 
far distant future to arrive at laws by induction from experiment, just 
as we do now already in the simplest of all sciences — astronomy. In 
this science, the phenomena of which are due to only four laws, each 
of which is capable of statement in most simple terms, the complexity 
of the analysis well-nigh drives astronomers to abandon calculation 
for observation, in the more delicate refinements of accuracy in which 
they indulge. Similar considerations will always operate to keep 
distinct the sciences that deal with distinct classes of phenomena, long 
after it has become a recognized truth that they are all the more or 
less complex manifestations of some few known elemental, physical 
existences. And certainly no considerations of the limits of possible 
success can avail to destroy the fascination of researches into the 
ultimate constitution of the existences of which nature is built up — the 
minute anatomy of the universe. 

But although investigations of this nature are so interesting, and 
promise not only success, but success of the highest order, and 
although the interest of the research is common to the devotees of 
every science, inasmuch as it deals with that which underlies them 
all, it is most remarkable thst so little advance has been made in this 
direction. And not only is it the caso that we are compelled to admit 
that our ignorance of the ultimate constitution of matter is well-nigh 
as dense now as it ever was, but if we examine the attempts at 
solving the problem, hitherto made, they strike us at once as having 
the strangest characteristics. While in most of the other regions of 
research the results of all investigators have a certain family 
likeness, and the theories they propose — though perhaps mutually 
exclusive — have many points in common, yet here we find that the 
different solutions proposed have the wildest dissimilarity, and many 
of them present so fantastic an appearance, that it is difficult to 
believe that they are the productions of the sobor investigators whose 
names they bear. We are too apt to pass lightly over thu lesson 
taught us by the contemporaneous existence of the corpuscular and 
the undulatory theories of light. That two theories so diametrically 
opposite in nature, hypothesizing such utterly dificrent constructions 
and properties of matter, could at a time not so very long past have 
been considered os possessing tolerably equal claims to acceptance, 
opens up a vista of ignorance as to the ultimate constitution of matter 
which is very humiliating. Nor will it suffice to say that those were 
the days when true science was in its infancy. Though the dispute 
between the two theories of light was speedily settled by the com- 
plete defeat of the corpuscular theory, and our ignorace of the real 
mechanism that produces and transmits light was rendered thereby 
less total — in fact we may say that it was so far dispelled that only 
those capable of thoroughly understanding tiio subject, can feel the 
difficulties and imperfections of the accepted theory — yet similar 
struggles are still going on in other kindred subjects, and for them 
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no such excuse can be pleaded. Take, for instance, electricity and 
magnetism. Our knowledge of their phenomena is extraordinarily wide ; 
such a book as Wiedemann's ‘ Galvan isnius ' shows an accnnuilation of 
observations on one simple branch of the subject that can scarcely bo 
paralleled in any other science. Yet if wo look at tho rival tlieories 
as to tho nature of electricity, and its connection with matter, they 
seem so grotesque and so dissimilar — so like mere guesses in short - 
that wo can scarcely help fancying that we are back in tlie days of 
Lucretius, when tho best qualification for being a philosopher was to 
be an imaginative poet. And indeed in fertility of imagination, the 
authors of such theories as those to whieh wo aro referring seem not un- 
worthy rivals of the Roman poet, and they make similar demands on 
our powers of belief. Weber and Ampere’s ideas of magnetism being 
caused by each molecule of matter having its own special electric 
current circulating round it everlastingly ; Poisson’s idea that it is 
caused by each molecule being permeated by two mutually neu- 
tralizing fluids, capable of being separated by external attraction, but 
incapable of being removed from the molecule ; the rival theories of 
two fluids, of one fluid, and of no fluid, in electricity, the numerous 
theories as to the nature of the luminiferous ether and its relation to 
matter, and the vortex theory of atoms, suffice to show that no 
effective check has as yet been placed on the free use of tlie imagina- 
tion in this department of research, and seem to give some colour to 
the suggestion that the intolerance of credulity, professeil by men of 
science, is easily relaxed by them in favour of their own pet 
theories. 

The chief and immediate cause of this is not far to seek. Any 
attempt to arrive at the hidden meehanisin wliich causijs a pheno- 
menon, must be a direct reflex of the knowledge and the ignorance of 
the ago in which it is made. Let us take the case of some ingenious 
machine performing some known operations. If a person wholly 
ignorant of mechanism, save so far as the olqccts of common life teach 
it to intelligent observers, were to attemi)t h) solve the problem of its 
construction, he would seek for some arrangement of levers or other 
meclianical appliances of the simplest and most elementary nature, 
which would give the desired result. If a mechanician were to apply 
himself to the same problem, he would have present to his mind ail 
the refinements of mechanical science, and would probably arrive at 
a solution, no portion of which would resemble the one com])osed of 
the simpler elements, while his might in no respect resemble that 
which would bo arrived at by one who, in addition to possessing a 
knowledge of mechanism, was also a skilled electrician. Eaoh of tlie 
solutions would consist of tho elements which tho experiopce and 
knowledge of tho maker enabled him to use, and there would be no 
probability of any of them representing the actual construction of the 
machine in question, unless the artifices used in its construction wore 
such as were known to some of the persons who were thus attempting 
to reconstruct it. J ust so is it with the attempts wo make to arrive 
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at the mechanism of nature. They are charged to the full with our 
ignorance. If wo happen to bo acquainted with structure similar to 
the actual structure sought for, then success is possible, and somo 
discoverer will in all probability arrive at a close approximation to 
the real state of things. If we do not, then all our efforts will but 
lead us to the discovery of a possible mechanism — one which might cause 
the phenomenon, but which is not the one which actually does cause it ; 
and with this we must rest content, till in some way or other our know- 
ledge of possible elements of construction is widened, when we may 
return again to the problem and find a new solution, which may in 
its turn have to bo replaced by future ones. Take, for example, the 
question of the structure of matter. MatUu* was known to move with 
little or no resistance through the other, to attract other matter, to be 
capable of great complexity in its nature, inasmuch as the light pro- 
ceeding from elements, when in a state of incafidescent gas, shows that 
they are capable of a large number of fundamental vibrations. To 
explain all this many most ingenious hypotheses were devised, both 
as to other and matter ; molecules or atoms were viewed as complex 
arrangements of parts vibrating or revolving under their mutual 
attractions. ^ Father was made an imponderable. Space was filled with 
ultra-mundane corpuscles, which, by their perpetual rain on all masses 
of solid matter, caused the phenomenon of gravitation. At length 
Ilolmholtz discovered vortex-motion. Vortex-rings were found to 
move with little or no resistance in the medium, whether fluid or 
gaseous, in which they were formed ; they were sensible of the 
presence of one another though not in contact ; they were capable of 
being made to have the most intricate forms, and to take up the most 
complicated systems of vibrations. Instantly a vortex-theory of matter 
was devised, which has very much to recommend it, and which is at 
present the one in highest favour. But just as it was only rendered 
possible by Helmholtz’s discovery of the new form of motion after 
which it is named, so it may in its turn have to give way to other 
theories which enlarged knowledge shall have enabled us to suggest. 

The difficulty at once suggests itself, that if we admit that these 
theories as to the actual mechanism of nature are so intimately 
dependent on the state of the ignorance or knowledge in which wo 
are when they are framed, how can it be right to attach any credence 
to them ? How can we believe a theory at the same time that wo 
admit that it will be probably displaced by another and a different 
one which will have at least as high claims to our belief? Science 
would at once loso all claim to be called the strictest school of belief, 
if it countenanced any such moral gymnastics as a belief which could 
thus co-exist with disbelief. And yet so great is the assistance 
derived from a well-constructed theory as to the mechanism producing 
phenomena, that she cannot afford to allow all efforts at solving such 
problems to be delayed until there comes a stage of such perfect know- 
ledge, that the mind might claim to be capable of pronouncing on 
them with certainty — if indeed such a time could ever come. So she 
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boldly faces the difficulty of which we have spoken — the difficulty of 
showing any other choice open to scientific men, than either to be 
credulous or to be timid — by distinctly recognizing a class of scien- 
tific fictions, or, as they are usually called, hypotheses. These are 
theories as to the mechanism of nature which, either completely or 
to a great extent, account for some set of phenomena, and which 
therefore, so far as our knowledge goes, may correctly describe the 
whole or some part of the actual cause of the phenomena, i. e. the 
mechanism that produces them. 

Nothing is more important in scientific thought than to dis- 
tinguish between these hypotlieses and laws. The discoverer of 
laws has nothing to do with actual causes. He only notices and 
formulates connections and relations between phenomena, and these 
formulations are laws. So far as the law is concerned, it is im- 
material whether the one of two connected phenomena is the cause 
or the effect of the other , or whether the relation between them 
arises from their being both connected with a third phenomenon ; 
the law is equally true in all cases. So long as the induction 
which has led to it has been duly and carefully performed, it is true 
and will never be displaced or superseded, however mistaken were the 
ideas which its framer possessed of the natuie or causes of the plicno- 
mena to which it relates. Newton was quite light when ho said, 
hypotheses non Jingo ; for the portion of his great achievements to which 
ho was referring consisted in the demonstration of the existence of 
certain laws, and not in the explanation of their causes. But ho, as 
well as all other great men of science, when the right time came, was 
ready to frame hypotheses, to start these scientific fictions, which wore 
to be thankfully received, studied, tested, respected, worked from, and 
in short, everything but actually believed in. And he least of all 
would have, on the one.hand, despised these tentative solutions, or, on 
the other hand, lightly believed in their truth. The whole of his 
work shows that he appreciated the full value of hypotheses, a value 
which it is difficult to express clearly, but wliich every learner or 
teacher of science feels only too keenly. For, without some guiding 
idea as to the nature and causes of phenomena, the mind is very 
sluggish in devising good methods of investigation ; but so soon as a 
good hypothesis has been formed, it is so suggcbtive of fields of 
research and of experiments, that, whether it bo true or filse, there 
follows an immediate and rapid increase of knowledge. For a hypo- 
thesis may be a good one without being a true one. It may render 
the greatest assistance to the mind, it may bo so well chosen that it 
accounts for kindred phenomena, not known at the time wheii it was 
first suggested, it may lead to the discovery of new laws, anc\ it may 
enable calculations to be made which are of the highest value, ^nd yet 
it may turn out to^be radically false. Even the theory that heat was 
an imponderable fluid, might put forth a strong claim to our gtatitudo 
for the assistance it gave to early discoveries. To be thus useful for 
a time, it is not neccbsary that the assigned mechanism should be the 
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true one, but only that the laws that result from its structure should 
closely correspond with the more potent of the laws that actually 
direct the obseryed phenomena. And just as this is all that a hypo- 
thesis need do, so is it all that its success entitles us to believe that it 
is doing ; and the true scientific attitude of mind towards hypotheses 
is to recognize them as describing causes which would produce results 
similar to those observed, and which, if not truly representing the 
mechanism which actually causes the results, at all events would 
produce results governed by the same laws. 

How then are we to take the further step of selecting from 
amongst those rival hypotheses, each of which professes to give some 
mechanism able to prince a particular set of phenomena, the one 
that actually represents the mechanism by which the phenomena are 
in fact produced? This is the most serious and the most difficult 
step in discovery. And yet, at first sight, considering how complex 
are the phenomena that have to be explained, it would seem that any 
theory that succeeded in accounting for even a portion of them must 
be very near to the truth ; and it is so usual to consider that this is the 
final and sufficient test of the claims of a hypothesis, viz. that it 
should suffice 4 j account for the phenomena, that when they are very 
complex it is often considered a more than sufficient test, and the 
hypothesis is accepted in spite of its being in many respects 
undeniably deficient. But, in fact, so soon as we begin to apply 
ourselves seriously to the problems of the constitution of matter — 
the hidden mechanism of nature — we are forced to abandon in gi*eat 
measure all such ideas. For we find that we have no true measure of 
complexity. From one single simple law will follow the most various 
and complex results, and hence any mechanism so designed as to 
exemplify in its results the working of that single law would, under 
such a canon as the one just referred to, be able to claim as evidence of 
its truth all the complexity which follows from that law. Yet such 
evidence would equally avail to support the claims of any other 
mechanism, whose results similarly obeyed that law, and of such 
mechanisms there might be many. This has been often exemplified 
in the history of science. The truth of a hypothesis has appeared to 
be sufficiently demonstrated by the manner in which it fully accounted 
for complex phenomena, and it has been accepted as a physical truth 
on such grounds, until some other hypothesis has been shown equally 
capable of accounting for them; and the success of both has been 
subsequently traced to their alike leading to results that were 
obedient to some one fundamental law, to the working of which the 
whole of the observed complexity was due. In the history of such 
deep-reaching principles as that of the Conservation of Fnergy this 
has been a common occurrence ; but other instances are not wanting. 
After Sir W. R. Hamilton had deduced theoretically from Fresners 
Theory of Light, that in biaxal crystals there must be internal and 
external conical refraction, and their existence had been thereupon 
experimentally demonstrated by Dr. Lloyd, one might well have fancied 
that the accuracy of so remarkable a prognostication was sufficient 
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to establish Frcsners Theory in all its details. Yet a theory framed 
by Cauchy, which, though in many respects similar to FrosneFs 
Theory, is yet in fact wholly irreconcilable with it, was subsequently 
found to account equally for tho phenomena ; and it is probable that 
any theory of undulatory transmission in a non-isotropic medium 
might bo made to do tho like. In fact, we can express in abstract 
language the weakness of the canon which would make the accept- 
ance of a theory follow from its success in explaining complex 
phenomena, by saying that to render the canon a good one, com- 
plexity must be measured, not by the apparent intricacy of tho result- 
ing phenom<‘na, or the apparent difficulty of accounting for them, but 
by the numl)er of independent laws by which the phenomena are 
governed, and which are successfully accounted for by the proposed 
mechanism. And as we are seldom in a i)ositiou to pronounce on the 
question of tho independence of the laws that govern a sot of 
phenomena, i.e. as to whether they are all traceable to a very few 
fundamental laws or not, we are seldom able to estimate tho complexity 
of those phenomena in the way that would alone justify us in taking 
it as sufficient warrant for the acceptjinco of a suc(iessful hypothesis. 

Nor is this the only one of tho well-tried and approved canons of 
discovery that fails us when we are engaged in researches in tho 
unknown land of tho ultimate constitution of tliat of which the 
universe is composed. There is no princijdo which is more con- 
stantly present to tho mind of the scientific investigator in his search 
lor tho causes of phenomena than that of simplicity, Wondrously 
comiilcx as arc tho jirocesses that are going on all around us in 
nature -so appanntly complex that tho untaught mind has in all 
ages sought to ascribe them, in a greater or less degree, t^ conscious- 
ness and volition resident in the things themselves, or in beings 
possessing the power J;o direct tliom — science has so often found 
that these highly complex results come from the very simiilcst causes, 
that the* iuvi stigator expects to find simplicity in his results, and 
naturally inclines to believe that explanation to bo the true one which 
accounts in the most simple manner for tlie observed phenomena. 
This has been advanced by some persons almost to the dignity of a 
law of thought, and the mind is considered by them to bo constrained 
to believe in the truth of tho simplest hyiiothesis that explains a set 
of phenomena to tho exclusion of all more complex ones. 

It is not very easy satisfactorily to account for the undoubted value 
of this canon, viz. that the simplest hypothesis is probably tho true 
one. That there can bo any truth in it in its abstract form (as is 
generally understood) is not probable. There is no reason to think 
that nature has any prcfcrcnco for simplicity over comploacity, if 
indeed it is possible to attach any meaning to such phraseii. The 
deeper our knowledge becomes, the greater tho complexity that 
confronts us, and tho fainter our hope of finding that the ultimate 
solution will be a simple one. It is probable that much of the value 
of the canon arises from the fact that the simpler hypothesis will in 
general be the one that supposes the concurrent action of the fewest 
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independent causes ; and it is, of course, more probable that a smaller 
number of independent causes should co-operate than that a larger 
number should do so. But the value of the canon mainly lies in the 
view which the mind instinctively takes of simplicity. That is to us 
simple which is the result of moans and processes to which wo are 
thoroughly accustomed, and with the results of which we are fully 
familiar. Operations the most complex in their nature are often 
felt to bo simple, and scarcely to need any explanation, solely because 
they are so common. It seems, for instance, almost superfluous to 
invent elaborate mechanism to account for such simple phenomena as 
evaporation or weight. And thus a hypothesis which is felt to be 
simple is usually one which traces the phenomena to the action of 
causes with which we are very familiar, i. e. which are constantly at 
work around us, and which are therefore just the causes that are the 
most probable. 

From such considerations wo at once see how useless must the 
canon of simplicity be to us when investigating the ultimate consti- 
tution of the materials of which the universe is built up. For, in the 
first place, wo have little or nothing to guide us as to the probability 
of the concjntM'c^ (^f different causes in this unknown region, and 
secondly, a thing which is of infinitely gi*eater moment, we are abso- 
lutely ignorant ( save in one or two isolated points) of the types of 
structure and action that we may expect to find commonly exem- 
plified therein. For in seeking to determine the ultimate constitution 
of matter and ether, and of all that directly or indirectly acts upon 
them, we are going beyond all the phenomena with which wo have 
been rendered familiar by observation, whether general or special, and 
wo are occupied in ascertaining the mechanism by which matter and 
ether are enabled to produce tho phenomena wo see. Now, of thisw^e 
have no previous experience, and it cannot be too distinctly kept in 
mind that where there is no experience there is absolute ignorance. 
In tho world around us wo see only the aggregate results of infinitely 
numerous sepamte actions, none of which are simply cognizablo by 
our senses or our instruments. Every experience of matter that we 
have in mechanics is of matter acting in masses. Chemistry and 
physics give us certain phenomena, caused doubtless by a more inti- 
mat<^ action of matter upon matter, but the results are only known to 
us in gross ; and even if wo assume that the process is uniform 
throughout, it is only tho result of that process that we see, and its 
nature is wholly concealed from our view. Similar remarks apply to 
the other branches of science. Nowhere do we get any direct infor- 
mation as to tho nature or details of these processes, or as to the 
mechanism by which they are rendered possible, and thus we nowhere 
get any knowledge of tho types of mechanism that we may expect to 
find at work. It is true that in all action of matter upon matter w'o 
see that certain laws are universally obeyed. But all that this enables 
us confidently to enunciate is, that the nature of matter must be such 
that when matter acts ui)on matter in appreciable quantities, such and 
such laws obtain. We are not even justified in asserting that the most 
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uniyersal of these laws must necessarily hold good in the cose of the 
separate actions of which the aggregate is m^o np.* Still less are 
we in a position to say that one hypothesis is to be preferred to another, 
because it hypothesizes only such types of structure or action as we 
are familiar with in our experience of the world of yisible phenomena. 
It is scarcely too much to say that at present our ignorance of the 
ultimate constitution of matter is such that no one suggested structure 
ought to be viewed by us as being in itself more simple or more 
probable than another. 

Unable then to use those canons in their ordinary form, we are 
driven back to the truths that underlie them. It is true that we 
cannot rightly judge of the value of success in explaining the complex 
behaviour of matter as a test of the truth of a hypothesis. And it is 
also true that we cannot directly judge whether the causes we propose 
to assign for that behaviour are probable ones. But out of the com- 
bined effect of the two there arises a third canon of the highest value, 
specially adapted to meet the peculiar difficulties of the task. It 
may, perhaps, be expressed by saying that the probability of the truth 
of a suggested hypothesis, as to the constitution of matter or the 
nature and mode of transmission of its actions on other matter, is 
measured by the dissimilarity of the phenomena explained by it. So 
long as the hypothesis satisfactorily accounts for but one class of 
kindred phenomena, no matter how complex they may be and how 
satisfactorily it may account for them, its truth must still remain in 
doubt, inasmuch as from our ignorance wo are unable to say how much 
is denoted by that success, in other words, how far such success may 
be due to these phenomena being necessary consequences of but very 
few laws, or even of a single one. But if the same hypothesis explains 
phenomena of a wholly different character to those which suggested 
it, and which so far as wo can judge have no direct connection with 
them* then we are justified in accepting the hypothesis as a genuine 
contribution to our knowledge of nature. 

This will be rendered clearer by an example. Take as an instance 
what is probably the most successful attempt that has yet been made 
to penetrate the darkness that surrounds the constitution of matter. 
Long ago, in order to explain the phenomena of combining pro- 
portions in chemistry, the hypothesis was framed that every element 
or chemical compound consisted of small atoms or molecules of 
definite size, constitution, and weight, and that the process of 
chemical combination consisted in the building up of new compound 

• This is no idle refinement No law would seem to be more absolotely with- 
out exception than that heat of itself tends to pass trom a hot body to a cold body, 
i. e. that heat tends towards an equalization of U^mpemturo. Yet thi^ has been 
sliown to depend m some instances rather upon the law of averages t^an on the 
fundamental laws df energy, and to be inapplicable to the action of sihgle mole- 
cules; and it is not impossible tiiat wo migiit be driven to take a similar view of 
such a law as that of the conservation of energy, though, fortunate ly, nothing as 
yet points to this, and it would, therefore, be unscientific to increase the dithciilty 
of investigation by making such a hypothesis until it shall be found that theie 
are gooil grounds for doing so. 
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It is not, however, so much in relation to other elements that 
vanadium is interesting, as by virtue of the remarkable properties 
which the metal itself possesses. Thus the lowest stage of oxidation 
which the element can assume, viz. Vu02, is a powerful reducing 
agent, bleaching indigo by reduction almost as quickly as chlorine 
does by oxidation. On allowing the solution thus bleached to stand, 
the hypovanadous salt at once takes up oxygen from tho air, and 
indigo blue appears again. On the other hand, the highest oxido 
VgOo parts with its oxygen readily, and is easily reduced by organic 
matter to a lower oxido ; acting in this respect like tho highest oxido 
of chromium CrOg. 

This property of vanadic acid enables this substance to be employed 
in photography.* If gelatine be mixed with sodium divanadate, and 
the him unequally exposed to light, the portions strongly insolated 
become slightly less soluble in warm water than tho non-exposed 
portion, so that it is possible to jn’int from such a film. Again, 
if paper which does not contain any animal size is coated with a 
solution of sodium ortho-vanadate and then exposed to light, tho 
portion insolated assumes a dark tint dependent upon tho length 
of exposure and the strengtli of the solution employed. If the paper 
thus prepared be immersed, after exposure, in a solution of silver 
nitrate, tho colour in the exposed part instantly changes to a dark 
brown or black colour, doubtless due to the reduction of the silver 
salt by tho vanadous compound formed in tho j)aper. Paper thus 
prepared may bo used for photographic printing. The unexposed 
portions of the print are in this process coated witli yellow silver 
ortho-vanadate ; but this can bo completely removed by ammonia or 
by sodium hyposulphite. Silver ortho-vanadato is capable of forming 
a latent image, like tho chloride or bromide, and this may be dovcloj)ed 
by tho ordinary ferrous developer. Two or three minutes* exposure 
to sunlight is needed. In tho development little or no silver nitrate 
must bo present. 

By far the most important and interesting application of vanadium 
is, however, that recently suggested for the preparation of a permanent 
black which is now largely coming into use amongst dyers and calico 
printers, and is already extensively employed as a permanent marking 
ink. 

Of tho commercial value of a permanent rich black dye it is 
difficult for the uninitiated in such matters to form an idea. Suffice it 
to say that it is very great. Wo must, however, remember that this 
application of vanadium is only in its infancy, and whether the 
vanadium black will realize all tho requirements of practice is a ques- 
tion which can only bo settled by long and patient inquiry ; still it 
has already so far proved a success that we may look forward with 
confidence to its future. 

It is not at fii-st sight easy to understand ho^v a rare substance like 
• This pwiK>siil was first made by Mr. Jeunosj Gibbons in 1874. 
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vanadium^ the prico of which not long ago was Is. 6d. per grain, and 
which even now cannot bo obtained for less than ^d. a grain, can be 
employed for the production of a black colour, which, if not cheap and 
able to compete with the other common dyes, is of course useless in a 
practical and commercial point of view. 

In order to understand the possibility of the technical application 
of one of Nature’s rarest gifts, the history of the preparation of 
aniline black must be noticed. The splendid red, crimson, violet, green, 
and blue colours which are obtained from aniline are now universally 
known and appreciated, and their wide-spread manufacture serves as a 
striking illustration of the value of original scientihe investigation. 
It is, however, not so generally known that not only the bright and 
gay colours, but also sombre browns and jetty blacks — by far the 
most valuable because by far the most generally used of colours — can 
be obtained from aniline. 

In the year 1860, Mr. John Lightfoot, calico printer, of Accring- 
ton, applied to the processes of calico printing a black colouring 
matter which had been previously obtained in the manufacture of mauve 
from aniline by Messrs. Roberts, Dale and Co., of Manchester. 

This black colouring matter is invariably formed when' either 
aniline or toluidine, or mixtures of these two substances, are sub- 
jected to oxidizing actions ; but in spite of several researches which 
have recently been published on aniline black, we are as yet unac- 
quainted with its chemical formula, nor indeed can we say that it 
even possesses a constant chemical composition. 

In order that a colouring matter shall be fixed or permanent, it 
must bo fastened in soipe way to the fibre of the cloth. In the case 
of cotton this is generally effected (1) either by the preeijiitation of 
the soluble colouring matter in the fibre by means of a mordant 
which forms an insoluble compound termed a lake with the colour, as 
in madder dyeing anS steam-colour printing ; or (2) by the fixation 
of the .colour by means of albumen, as in pigment printing ; or (3) 
by the gradual oxidation and consequent precipitation of the colouring 
matter in the fibre, as in indigo printing. It is to this latter class of 
processes that aniline-black dyeing or printing belongs ; for the aniline 
salt imder the action of certain oxidizing agents passes more or less 
quickly from the condition of a colourless solid readily soluble in 
water, into that of a black amorphous insoluble powder not to be dis- 
tinguished at first sight from soot. Hence if the cloth can be impreg- 
nate with the aniline and with the oxidizing agent at the some time, 
and if the process of oxidation can bo allowed to go on in the 
fibre, the black will be formed and will be permanently fixed in the 
fabric. 

Many oxidizing agents, such as chlorine, ozone, or cloctrolytic 
oxygen, have the power of transforming aniline into th}s black 
pigment. In most cases a high temperaturo is needed for this 
purpose. Thus, for instance, if aniline is heated with chlorate of 
sodium, and if then hydrochloric acid bo carefully added, a deep block 
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almost solid mass is produced. In order, however, that the process 
may be employed in dyeing and calico printing, it is absolutely 
necessary to avoid high temperatures as well as the action of strong 
acids, because when exposed to these the cloth invariably is rotted or 
becomes “ tender.” If a mere mixture of aniline salt and chlorate of 
potash be heated strongly enough, the black is formed ; but the heat 
necessary to produce the colour is sufficient, together with the hydro- 
chloric acid which is at the same time liberated by the decomposition, 
to make the cloth rotten, and therefore to render this process useless. 

It was found by Lightfoot that if an addition of 4 ounces of 
nitrate of copper solution was made to the pound of aniline and 
to the chlorate, the oxidation of the aniline went on at a lower 
temperature than when the copper salt was absent, and hence, when 
carefully worked, the black could be formed by this process without 
tendering the cloth. Certain technical objections to this process, 
however, soon arose; and in 1865 Lauth proposed to use the in- 
soluble copper sulphide instead of the soluble nitrate, ^^by which 
means ho prevented the deposition of copper on the “rollers” and 
on the “ doctors ” which took place in Ligbtfoot’s process. The 
method thus jnodified has been and is now extensively used for 
the production of black, and the chief, if not the only, objection 
which can be urged against it is that the black thus obtained is 
not perfectly permanent, but is liable to become green when exposed 
to reducing agents, such as the sulphurous acid contained in the 
impure air of our towns. This is, however, a serious drawback, and 
one which those practically engaged in solving such problems have 
not been able to remove. So much so indeed is this the case, that 
it is generally believed that the property of aniline black to become 
green when exposed to sulphurous acid, and to return to the black 
when treated with alkalies, is an essential property of the substance, 
which may be compared with the property of litmus to change colour 
in presence of acids and alkalies. 

That the aniline black can not only bo produced in presence of 
copper but also, as Mr. Lightfoot showed in the year ltt71, in 
presence of vanadium salts, and that by vanadium alone can the black 
bo obtained of the requisite permanent character, has now been 
proved beyond doubt. Moreover, the quantity of the vanadium 
necessary in order to produce the oxidation of the aniline is about 
one thousand times less than that of the copper. Thus if a piece 
of calico bo dipped into a solution of 2*5 grains of vanadate of 
ammonia dissolved in a gallon of water and then dried, the cloth thus 
prepared is capable of producing an intense black if treated wdth the 
mixture of aniline salt and chlorate. In the same way if 1 gallon of 
colour be made containing 20 ounces of aniline hydrochlorate, 10 ounces 
of chlorate of soda, and 3 grains of vanadate of ammonia, a mixtiire 
is obtained with which no less than from to 25 pieces, or from 
500 to 600 yards of cloth, such as that exhibited, can be thus printed 
of a permanent black. 
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In dyeing also, the vanadium will be extensively used ; and in the 
same way only more traces of this rare metal are requisite, whereas 
the copper black cannot be used for dyeing. Thus, for instance, 
1 gallon of colour intense enough to dye 40 lbs. of cotton yam black 
is obtained by mixing 8 ounces of aniline hydrochlorate, 4 ounces of 
sodium chlorate, and 8 grains of vanadate of ammonia. Cotton, wool, 
or silk dipped twice into this mixture and then aged, or allowed to 
oxidize, and raised ” in a solution of carbonate of soda, is dyed a 
deep rich and permanent blue black. The goods may also be allowed 
to steep in a bath of the above strength for three days, then well 
washed in warm water, or boiled in a weak solution of acetic acid, to 
remove any bronze colour found on the surface of the silk or wool. 
The permanent black is then formed, and the fibre found to be quite 
strong. 

The part played by vanadium in the formation of the black colour 
may be easily explained, when we remember the ease with which the 
metal passes from one degree of oxidation to another; thus from 
VjOfl the highest degree, to V 2 O 4 , and vice versd. In this way it 
doubtless acts, as M. Guyard has suggested, as a carrier of the oxygen 
of the chlorate to the aniline, being alternately reduced and re- 
oxidized, so that an infinitely small quantity of vanadium compound 
wiU convert an infinitely large quantity of aniline salt into aniline 
black, reminding one of the action of nitrous fumes in the leaden 
chamber. 

Some time after the discovery of aniline black, Mr. Robert 
Pinkney, of the firm of Messrs. Blackwood and Co., of London, dis- 
covered, independently of Mr. Lightfoot, that vanadium can be most 
advantageously substituted for copper in the formation of aniline black ; 
and he employed this reaction for the preparation of a permanent 
marking ink termed “ Jetoline,” of which many thousands of bottles 
have been sold. A few grains of vanadium — say from seven to twelve 
— being sufficient to pr^uce, together with hydrochlorate of aniline 
and chlorate of soda, a gallon of marking ink. 

The subject of the use of vanadium as a valuable dyeing agent 
was next taken up by the Magnesium Metal Company, of Patricroft, 
near Manchester, and, thanks to the unwearied exertions of Mr. 
Samuel Mellor, this firm have now succeeded not only in securing a 
very considerable supply of the rare element which occurs in the 
Eeuper sandstone as the new mineral Mottramite, but are now in a 
position to produce a vanadium black for both calico printing and 
dyeing which is perfectly peraanent. This is the more remarkable, 
as up to this time no aniline black made with copper ^s been 
produced in commerce which will withstand the reducing iction of 
sulphurous acid. 

As the result^^of a large number of experiments made witi various 
qualities of commercial aniline, and by varying the strengthi^ of solu- 
tions, proportions of aniline and sodium chlorate employed, and also 
by altering the temperature and tho conditions of ageing, Mir. Mellor 
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has found (1) that within certain limits the purer the aniline used, 
the deeper and more permanent is the black obtained. (2) That there 
is a maximum density of colour, beyond which if larger proportions 
of aniline salt and chlorato are used, corresponding advantages 
of colour are not obtained. This maximum colour is yielded by 
16 ounces to 20 ounces of hydrochlorate of aniline per gallon of 
colour. (3) That for the formation of a permanent black, the amount 
of aniline salt and sodium chlorate used for 1 gallon of colour must 
bear a definite relation to each other, the weight of sodium chlorate 
being about one-half that of the aniline hydrochlorate used, (4) That 
the permanency of the black depends very much upon the care and 
skill shown in “ agoing ” the cloth. If the cloth is aged in a moist 
atmosphere a blue-black is developed, which is very fleeting ; but if 
aged in a dry air, and at a high temperature, a permanent black is 
obtained. It is also interesting to learn that for other colours also, 
the use of vanadium appears to bo of value, as in the production of 
catechu browns as well as in some of the brighter aniline dyes. 

It is indeed impossible to say what important technical functions 
this rare and hitherto unapplied substance may not fulfil. Only the 
other day , vARindinm was accounted one of our greatest chemical 
curiosities, and the investigation of its properties would have been 
thought, by the practical Englishman, to bo a mere waste of time. 

Now, however, we have in vanadium a now example of the value 
of pure scientific research, which must carry conviction even to the 
most utilitarian of minds. 

[H. E. R.] 



Friday, February 2, 1877. 

Sib T. Fbederiok Elliot, E.C.M.G. Vice-President, in the Cliair. 
Pbofsssob Osborne Esynolds, 

OWENS OOLLBOS, MANCHSBTKB. 


Vortex Motion. 

In commencing this discourse the author said, Whatever interest or 
significance the facts 1 hope to set before you may have, is in no 
small degree owing to their having, as it were, eluded the close 
mathematical search which has been made for them, and to their 
having in the end been discovered in a simple, not to say common- 
place, manner. In this room you are accustomed to have set before 
you the latest triumphs of mind over matter, the secrets last wrested 
from nature by gigantic efforts of reason, imagination, and the most 
skilful manipulation. To-night, however, after you have seen what I 
shall endeavour to show you, I think you will readily admit that for 
once the case is reversed, and that the triumph rests with nature, in 
having for so long concealed what has been so eagerly sought, and 
what is at last found to have been so thinly covered. 

The various motions which may be caused in a homogeneous 
fluid like water, present one of the most tempting fields for mathe- 
matical research. For not only are the conditions of the simplest, 
but the student or philosopher has on all hands the object of his 
research, which, whether in the form of the Atlantic waves or of 
the eddies in his teacup, constantly claims his attention. And, 
besides this, the exigencies of our existence render a knowledge of 
these motions of the greatest value to us in overcoming the limitations 
to which our actions are otherwise subject. 

Accordingly we find that the study of fluid motion formed one of 
the very earliest branches of philosophy, and has ever since held its 
place, no subject having occupied the attention of mathematicians more 
closely. The results have been, in one sense, very successfiil ; most 
important methods of reasoning have been developed, mathematical 
methods, which*have helped to reveal numberless truths in other 
departments of science, and have taught us many things abput fluids 
which most certainly we should not otherwise have found oat, and of 
which we may some day find the application. But as regards the 
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direct object in view, the revelation of the actual motion of fluids, 
the research has completely failed. And now that generations of 
mathematicians have passed away, now that the mysteries of the mo- 
tions of the heavenly bodies, of the earth itself, and almost of every 
piece of solid matter on the earth have been explained by mathe- 
maticians, the simplest problems of fluid motion are yet unsolved. 

If we draw a disc flatwise through the water, we know by a 
process of unconscious geometrical reasoning that the water must 
move round the disc ; but by no known mathematical process could 
the motion bo ascertained from the laws of motion. If we draw the 
plate obliquely through the water we experience a greater pressure 
on the one side than on the other. Now this case, representing as it 
does the principle of action of the screw propeller, is of the very 
highest importance to us ; and yet, great as has been the research, it 
has revealed no law by which we may in a given case calculate the 
resistance to bo obtained, or indeed tell from elementary principles 
in what way the water moves to let the plate pass. Again, the deter- 
mination of the resistance which solid bodies, such as ships, encounter 
is of such exceeding economic importance, that theory, as shipbuilders 
call it, haying failed to inform them what to expect, efforts have been, 
and are still being, made to ascertain the laws by direct experiment. 
Instances might be multiplied, but one other must suffice. If we 
send a puff of fluid into other fluid wo know that it will travel to a 
considerable distance, but the manner in which it will travel and tho 
motion it will cause in tho surrounding fluid, mathematics have not 
revealed to us. 

Now the reasons why mathematicians have thus been baffled by 
the internal motions of fluids appear to bo very simple. Of tho 
internal motions of water or air wo can see nothing. On drawing 
tho disc through the water there is no evidence of the water being 
in motion at all, so that those who have tried to explain these results 
have liad no clue ; tlicy have had not only to determine the degree 
and direction of the motion, but also its chameter. 

But although the want of a clue to tho character of the motion 
may explain why so little has been done, it is not so easy to under- 
stand how it is that no attempts were made to obtain such a clue. It 
would seem that a certain pride in matliematics has prevented those 
engaged in these investigations from availing themselves of methods 
wliich might reflect on the infallibility of reason. 

Suggestions as to tho means have been plentiful. In other cases 
whore it has been necessary to trace a particular portion of matter in 
its wanderings amongst other exactly similar portions, ways have been 
found to do it. It may bo argued that the influences which determine 
the path of a particular portion of water are slight, subtle, and 
uncertain, but not so much so as those which determine the path of a 
sheep. And yet thousands of sheep have been from time immemorial 
turned loose on the mountains belonging to different owners, and 
although it probably never occurred to anyone to reason out the paths 
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of his particular sheep, they have been easily identified by the aid of 
a little colour. And that the same plan might be pursued with fluids, 
every column of smoke has been evidence. 

But these hints appear to have been entirely neglected, and it was 
left for nature herself, when, as it were, fully satisfied with having 
maintained her secret so long, and tired of throwing out hints which 
were not taken, at last to divulge the secret completely in the beau- 
tiful phenomenon of the smoko ring. At last ; for the smoke ring is 
probably a phenomenon of modem times. The curls of smoke, as 
they ascend in an open space, present to the eye a hopeless entangle- 
ment ; and although, when we know what to look for, we can see as 
it were imperfect rings in almost every smoke cloud, it is rarely that 
anything sufGiciently definite is formed to attract attention, or suggest 
anything more important than an accidental curl. The accidental 
rings, when they are formed in a systematic manner, come either 
from the mouth of a gun, the puff of a steam engine, or the mouth of 
a smoker, none of which circumstances existed in ancient times. 

Although, however, mathematicians can in no sense be said to have 
discovered the smoke ring, or the form of motion which it reveals, 
they were undoubtedly the first to invest it with importance. Had 
not Professor Helmholtz some twenty years ago called attontion to the 
smoke ring by the beautiful mathematical explanation which be gave 
of its motion, it would in all probability still be regarded as a casual 
phenomenon, chiefly interesting from its beauty and rarity. Follow- 
ing close on Helmholtz came Sir William Thomson, who invested 
these nngs with a transcendental interest by his suggestions that 
they are the type after which the molecules of solid matter are 
constituted. ^ 

The next thing to enhance the interest which these rings excited, 
was Professor Tait’s simple and perfect process of producing them at 
will, and thus rendering them subjects for lecture-room experiments. 
Considering that this method will probably play a groat part in 
perfecting our notions of fluid motion, it is an interesting question 
how Professor Tait came to hit upon it There is only one of the 
accidental sources of these rings which bears even a faint resemblance 
to this box, and that is the mouth of a smoker as he produces these 
rings. This might have suggested the box to Professor Tait. But 
since this supposition involves the assumption that Professor Tait 
sometimes indulges in a bad habit, and as we all know that Professor 
Tait is an eminent mathematician, perhaps we ought rather to 
suppose that he was led to his discovery by some occult process 
of reasoning which his modesty has hitherto kept him ftom pro- 
pounding. 

But however this may be, his discovery was a most impo^nt one, 
and by its means the study of the actual motion of these tiings has 
been carried far beyond what would otherwise have been postible. 

But it has been for their own sake, and for such light as they might 
throw on the constitution of matter, that these rings wore studied. 
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The most important lesson which they were capable of teaching still 
remained unlearned. It does not apj>ear to have occuiTed to anyone 
that they were evidence of a general form of fluid motion, or that the 
means by which those had boon revealed, would reveal other forms of 
motion. 

There was, however, at least one exception, which will not bo 
forgotten in this room : the use of smoke to show the effect of sound 
upon jets of air. 

Also, the late Mr. Henry Deacon, in 1871, showed that minute 
vortex rings might be produced in water by projecting a drop of 
coloured water f^rom a small tube. And his experiments, in spite 
of their small scale, excited considerable interest. 

Four years ago, being engaged in investigating the action of the 
screw propeller, and being very much struck by the difference between 
some of the results he obtained and what ho had boon led to expect, 
tho author made use of colour to try and explain the anomalies 
when ho found that the vortex played a part in fluid motion which 
ho had never dreamt of ; that, in fact, it was the key to almost all 
tho problems of internal fluid motion. That these results were equally 
new to those .who had considered the subject much more deeply than 
ho had, <lid not occur to him until after some conversation with 
Mr. Froude and Sir William Thomson. 

Having noticed that the action of the screw propeller was greatly 
affected when air was allowed to descend to the blades, he was trying 
what influence air would have on the action of a simple oblique vane, 
when a very singular phenomenon presented itself. The air, instead 
of rising in bubbles to tho surface, ranged itself in two long horizontal 
columns behind the vane. There was evidence of rotational motion 
about these air lines. It was evident, in fact, that they were the 
central lines of two systematic eddies. 

That there should bo eddies was not surprising, but eddies had 
always been looked upon as a necessary evil which besets fluid motion 
as sources of disturbance, whereas here they appeared to be the very 
means of systematic motion. 

Here then was the explanation of tho nature of the motion caused 
by the oblique vane, a cylindrical band of vortices continually pro- 
duced at the front of tho plate, and falling away behind it in an 
oblique direction. 

The recognition of tho vortex action caused behind the oblique 
vane, suggested that there might be similar vortices behind a disc 
moving flatwise through the water, such as are the eddies caused by a 
teaspoon. 

There was one consideration, however, which at first seemed to 
render this improbable. It was obvious that tho resistance of the 
oblique vane was caused in producing the vortices at its forward part ; 
so that if a vortex were formed behind a flat plate, as this vortex would 
remain permanently behind, and not have to be continually elongated, 
the resistance shoidd diminish after the plate was once set in motion ; 
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whereas experience appeared to show that this was by no means tho 
case. It appeared probable, therefore, that from some disturbing 
cause the vortex would not form, or would only form imperfectly, 
behind the plate. 

This view was strengthened when, on trying the resistance of 
a flat plate, it did not appear to diminish after tho plate had been 
started. 

Accidentally, however, it was found that if tho float to which the 
plate ^vas attached was started suddenly and then released, the float 
and plate would move on apparently without any resistance. And 
more than this, for if the float were suddenly arrested and released, it 
would take up its motion again, showing that it w as the water behind 
that was carrying it on. 

There was evidence therefore of a vortex behind tho disc. In tho 
hope of rendering this motion visible, coloured water was injected in 
the neighbourhood of the disc, and then a beautiful voitex ring, 
exactly resembling the smoke ring, was seen to foim behind the disc. 
If tho float were released in time, this ring would carry the disc on 
with it; but if tho speed of the disc were maintained unifoim, the 
ring gradually dropped behind and broke up. Hero then was another 
port played by the vortex previously undreamt of. 

That tho vortex takes a systematic part in almost every form of 
fluid motion was now evident. Any irregular solid moving through 
the water must from its angles send oif lines of vortices such as those 
behind the oblique vane. As we move about we must be continually 
causing vortex rings and vortex bands in the air. Most of these will 
probably be irregular, and resemble more tho curls in a smoko cloud 
than systematic rings. But from our mouths as we talk we must 
produce numberless rings. 

One way in which rings are produced in perhaps as great numbers 
as from our mouths is by drops falling into tho sea. If we colour tho 
surface of a glass vessel full of water, and then let drops fall into it, rings 
are produced, which descend sometimes as much as two or thico feet. 

But the most striking rings are those produced in water, in a 
manner similar to that in which the smoke rings are produced, using 
coloured water instead of smoky air. 

These rings are much more definite than smoke rings, and 
although they cannot move with higher velocities, since that of the 
smoke ring is unlimited, the speed at which they move is much more 
surprising. 

In the air we are acoustomed to see objects in rapid motioni and so 
far as our own notions are concerned, we are unaware of any resistance ; 
but this is quite otherwise in water. Every swimmer knows what re- 
sistance water offers to his motions, so that when we see thesis rings 
flash through the Water we cannot but be surprised. Yet a still more 
striking spectacle may be shown, if, instead of coloured water, a few 
bubbles of air bo injected into the box from which tho puff is sent; 
a beautiful ring of air is seen to shoot along through tho water. 
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Bbowing, like the lines of air behind the oblique vane, little or no 
tendency to rise to the surface. 

Such is tlie ease with which these vortex rings in water move, and 
so slight is the disturbance which they cause in the water behind 
them, as to lead to the conclusion that they experience no resistance 
whatever, except perhaps a little caused by slight irregularities in 
their construction. Their velocity gradually diminishes ; but this would 
appear to be accounted for by their growth in size, for they are thus 
continually taking up fresh water into their constitution, with which 
they have to share their velocity. Careful experiments have con- 
firmed this view. It is found that the force of the blow they will 
strike is nearly independent of the distance of the object struck from 
the orifice. 

The discovery of the ring behind the disc afforded the opportunity 
of observing the characteristics of these rings much better than was 
afforded by the smoko rings ; and also suggested facts which had pre- 
viously been overlooked. The manner of motion of the water which 
formed the ring and of the surrounding w'ater was very clearly seen. 
It was at once seen that the visible ring, whether of coloured water or 
air, was the central line of the vortex ; that it was surrounded 

by a mass of coloured water, bearing something the same proportion 
to the visible ring as a ball made by wrapping string (in and out) 
round a curtain ring until the aperture was entirely filled up. The disc, 
when it was there, formed the front of tliis ball or spheroid of water, 
but the rest of tlie surface of the ball had nothing to separate it from 
the surrounding water but its own integrity, “i’et when the motion was 
very steady the surface of the ball was definite, and the entire moving 
mass might be rendered visible by colour. The water within the ball 
was everywhere gyrating round the central ring, as if the coils of 
string were each spinning round the curtain ring as an axis, the 
water moving forwards through the interior of the ring and backwards 
round the outside, the velocity of gyration gradually diminishing as 
the distance from the central ring is increased. 

The way in which the water moves to let the ball pass can also be 
seen, either by streaking the water with colour or suspending small 
balls in it. In moving to get out of the way and let the ball of water 
pass, the surrounding water partakes as it were of the gyrating 
motion of the water within the hall, the particles moving in a horse- 
shoe fashion, so that at the actual surface of the hall the motion of the 
water outside is identical with that within, and there was no rubbing 
at the surface, and consequently no friction. 

The maintenance of the shape of the moving mass of w^atcr against 
the unequal pressure of the surrounding water as it is pushed out of 
the way is what renders the internal gyratory motion essential to 
a mass of fluid moving through a fluid. The centrifugal force of this 
gyratory motion is what balances the excess of pressure of the sur- 
rounding water in the front and rear of tho ball, compared with what 
it is at the sides. 
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It is impogsible to have a ring in which the gyratory motion 
is great, and the velocity of progression slow. As the one motion dies 
out so does the other, and any attempt to accelerate the velocity of 
the ring by urging forward the disc, invariably destroyed it. 

The striking ease with which the vortex ring, or the disc with the 
vortex ring behind it, moves through the water, naturally raised 
the question as to why a solid should experience resistance. Gould it 
be that there was something in the particular spheroidal shape of these 
baUs of water which allowed them to move freely. To try this, 
a solid of the same shape as the fluid ball was constructed and floated 
after the same manner as the disc. But when this was set in motion, 
it stopped directly — it would not move at all. What was the cause of 
this resistance? Hero vvere two objects of the same shape and weight, 
the one of which moved freely through the water, and the other 
experienced very great resistance. The only difference was in the 
nature of the surface. As already explained, there is no friction at 
the surface of the water, whereas there must be friction between the 
water and the solid. But it could be easily shown that the resistance 
of the solid is much greater than what is accounted for by its surface 
friction or skin resistance. The only other respect in which these 
two surfaces differ is that the one is flexible, while the other is 
rigid, and this seems to be the cause of the difference in resistance. 

If ribbons be attached to the edge of the disc, these ribbons will 
envelope the ball of water which follows it, presenting a surface 
which may be much greater than that of the solid; and yet this, 
being a flexible surface, the resistance of the disc with the vortex 
behind it is not very much greater than it would be without the 
ribbons — nothing to be compared to that of the solid. 

Colouring the water behind the solid shows, that instead of passing 
through the water without disturbing it, there is very great disturb- 
ance in its wake. An interesting question is as to whether this dis- 
turbance originates with the motion of the solid, or only after the 
solid is in motion. This is settled by colouring the water immediately 
in front of the solid before it is started. Then on starting it tho 
colour is seen to spread out in a film entirely over the surface of the 
solid, at first without the least disturbance, but this follows almost 
imm^iately. 

Among the most striking features of the vortex rings, is their 
apparent elasticity. When disturbed they not only recover their 
shape, but vibrate about their mean position like an elastic solid. So 
much so, as to lead Sir William Thomson to the idea that the 
elasticity of solid matter must be due to its being composed of vortex 
rings. ^ 

But apart from such considerations, this vibration is in^resting 
as showing that tfie only form of ring which can progress steadily is 
the circular. Two pardlel bands, such as those which follow tho 
oblique vane, could progress if they were infinitely long, but if not, 
they must be continually destroyed from the ends. Those which 
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follow the obliqne vane are contiiiiiallj dying out at one end, and 
being formed again at the other. 

If an oval ring be formed behind an oval plate, the more sharply 
curved parts travel faster than the flatter parts ; and hence, unless the 
plate be removed, the ring breaks up. It is possible, however, to 
withdraw the plate, so as to leave the oval ring, which proceeds 
wriggling along each portion moving in a direction perpendicular to 
that in which it is curved, and with a velocity proportional to the 
sharpness of the curvature. So that not only does the ring continu- 
ally change its shape, but one part is continually falling behind, and 
then overtaking the other. 

These were some of the forms of fluid motion which imagination 
or reason had failed to show us, but which had been revealed by the 
8im])le process of colouring the water. 

Now that we can see what we are about, mathematics can be most 
usefully applied ; and it is expected that when these facts come to be 
considered by those best able to do so, the theory of fluid motion 
will be placed on the same footing as the other branches of applied 
mechanics. 

[0. B.] 



Friday, February 16, 1877. 

Sib T. Fbkdbriok Elliot, K.C. M.6. Vice-President, in the Chair. 

Pbofessob Fbebebice Guthbie, F.B.S. 

Solid Water, 

When, some months ago, I received, through your excellent Secretary, 
a notification of your wish that I should undertake one of these Friday 
evening discourses, I looked upon the invitation as a command : as a 
command, if for no other reason, because, for some years past, I have, 
through your courtesy, been privileged to participate between these 
walls in many a rare intellectual treat. 

As I cast about for a suitable subject, I felt sure that, at your 
hands, I should not incur the charge of egoism if I brought before 
you, as briefly and simply as I could, the results of some experi- 
mental researches which for the last few years have engrossed my 
leisure time. And whatever hesitation I had in selecting a subject 
of this nature, has been obliterated by the feeling that what I have to 
speak of to-night illustrates a generalization which, I think, has not 
hitherto been enuncii^ted with sufficient distinctness, but which may 
be maintained with great show of reason. I will not call it a law of 
nature, for they who use the term law in connection with natural 
phenomena are, 1 believe, neither sufficiently alive to the insignifi- 
cance of law, nor to the omnipotence of nature. Let me therefore 
call what I mean by the more expressive, because more ambiguous, 
term Generalization.” It is this : ** Substances which are most abun- 
dant are in their nature most exceptional.” At once, among the 
elements we find that great trinity, oxygen, hydrogen, and nitrogen, 
standing as a group far removed from other elements, only to differ 
from one another by immeasurable intervals. The metal sodium, 
than which there is none more remarkable, is perhaps die most 
abundant ; while the rarer metals, such as gold, platinum, osmium, 
iridium, &c., have many characteristics in common. 

It \^1 not do to push this proposition too far : for ^even as 
I spoke, instancef have occurred to you, as they have to m|3, where 
the generalization appears at least to fail. If, however, I vlfished to 
adduce the strongest testimony in its favour, I should speak Of water, 
a compound body, and of all compound bodies as simple as any, and 
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perhaps as abundaDt. Let me glance at the properties which render 
it pre-eminent. Of all compound liquids, it has by far the greatest 
hardness or cohesion. Gather under like circumstances drops of 
water and of all other known liquids, and you will find those of water 
the largest. Endeavour to pass radiant heat through it, and you find 
it resists such passage with tho greatest stubbornness : it is eminently 
athormanous. But compare its power of allowing heat of contact to 
pass through, and you find it to be by far the best liquid heat con- 
ductor. Examine its capacity for heat, and you find that it here 
exceeds all known liquids, with one exception, and that exception is 
a mixture containing a largo proportion of water. Cast light on it, 
and it bends that light less than any substance, excepting its own 
offspring, ice. Finally, it enjoys that rare and almost unique property 
of having a state of maximum density at a temperature above its 
freezing point. 

On all these grounds, tho expression of tho old Greek, 

dpLOTOV fJL€V vSoipf 

seems to havc^. Won prophetic, if we understand aptoros in its simple 
sense of pre-eminence. 

I propose this evening to consider mainly one faculty of water, 
namely, its power of dissolving that innumerable class of bodies 
called salts, which may, I supjiose, without much danger of a mis- 
understanding, be considered as bodies soluble in water, and which 
contain metals, I wish to consider the relationship between the 
water and tho salt it has dissolved, and I desire to direct especial 
attention to tho circumstances under which water becomes solid in 
presence of and in combination with other bodies. 

Water may become solid in a variety of ways. First, by itself, 
losing heat, it becomes ice ; secondly, when thrown upon quick lime 
and similar bodies, by tho loss of heat it becomes along with tho 
lime a solid, slaked lime ; thirdly, if you pour water upon dii(d alum 
and similar bodies, and lot tho solution stand, you get dry crystals, I 
dare scarcely say containing water, but from which water can bo 
readily got. Again, if you boil glue or isinglass with water, you get 
a more or less solid jolly, according to the quantity of water you 
employ. 

These various ways by which water may be solidified result in 
the more or less complete obliteration of its character as water. 
Chemists tell us that in the slaking of lime we do not witness tho 
more juxtaposing of a molecule of water alongside a molecule of lime, 
but rather a double decomposition whereby the molecules of each con- 
stituent are decomposed and one or two new molecules are formed ; * 


* Not CaO + no = CaOHO, but Ca^ il,0 = 2CaHO, 
(Ca = 20,H = l.O = 8) (61 = 20 H = l,0 = 16 ) 

or CaO 4- H,0 = Ca2HO. 

(Ca = 40 , H = 1 , 0 = 16 ) 
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and that when by heat the water from slaked lime is recovered, 
recomposition of quick lime and of water ensues. Far less violent 
is the action when burnt alum dissolves in water, and far more 
readily are the two again separated : while from the ordinary 
** washing soda ” in moderately dry air the water gradually escapes 
by diffusion into the air. Yet in all these cases the water is held by 
the solid with some strength. Lastly, when glue or gum dissolves in 
water there appears to be no energy expended in the act of solution, 
they mix even as two gases mix. 

Strictly speaking, when a grain of salt dissolves in a gallon of 
water both are destroyed ; the salt ceases to be salt and the water 
ceases to be water : the two form a salt solution. This fact must 
never be forgotten, but its strict observance would land us here in 
the cumbersome restriction of denying the name of water to the 
liquids of our springs, rivers, and seas. 

On the table you see examples of the various kinds of solid 
water. And first stands ice. In this room it is unnecessary for 
me to sj^eak especially of this substance, which has formed for 
you the basis of so many an eloquent discourse. Again, there is 
water of combination, of constitution, of gelatinization, and of 
crystallization. 

It is to be remarked, and is indeed for our present purpose most 
noteworthy, that whole classes of salts are known which solidify 
with water of crystallization, while others of no noticeable chemical 
difference reject water as they build themselves together. Nay, 
more, that salts most closely allied to one another in their chemical 
nature combine with water of crystallization in very different pro- 
portions. What is there peculiar in saltpeter, in lunaP-caustic, in 
sal-ammoniac, that they should hitherto have refused to associate 
themselves as solids with water ; while alum, soda, and the “ vitriols,” 
white, green, and blue, combine with water and form crystals of such 
beauty ;* to me of such extreme interest because in their faces and 
edges, as in those of other and anhydrous crystals, nature for once 
makes use of planes and straight lines ? 

It has been my good fortune to have been able, to some extent, to 
wipe out this line of demarcation, to establish continuity ; to prove, in 
short, that all salts whatever, which are soluble in water, are able to 
combine with it in definite weight-ratio to form solid crystalline 
bodies. I do not doubt but that we may consider the number of 
known definite compounds to have been thereby at least doubled. 

The formation of these new solid water-compounds may perhaps 
be best approached by studying the phenomena which talife place 
when any salt solution is cooled. Let us consider a boiling skturated 
solution of saltpej^r. Take it from over the lamp, and let it 0ool. A 
certain quantity of the salt separates out, but the crystals nre free 
from water. Cool it down to 0*^ 0., more anhydrous Saltpeter 
separates ; but at 0*^ G. it is still rich in saltpeter, and is, of course, 
saturated at that temperature. What takes place if we go on cooling 
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below 0° C. ? If pure anhydrous saltpeter were to go on separating 
out until it were all out, there would be left at some temperature 
below 0® C. pure liquid water — an impossibility. If, on the other 
hand, only pure ice were to separate out, we should get at last 
anhydrous i^tpoter liquid below 0® C. : this is equally impossible. 
What actually does occur is this — anhydrous s^tpeter goes on 
separating out until the solution has acquired a certain degree of 
weakness (11*20 per cent.), and this stage is reached at a certain 
temperature below 0° C. ( — 2*6). When still more heat is with- 
drawn, the temperature reiuses to sink further, and the remainder of 
the solution begins to solidify, and continues to solidify at the tem- 
perature and with the composition it has reached until the last drop 
is solidified. 

If, again, we begin with a very dilute solution of saltpeter, say 
one containing 2 oz. of saltpeter in 98 oz. of water, it is well known 
that such a solution requires to be cooled below tho freezing point of 
water before solidification begins ; and the differences of opinion 
which have prevailed as to whether pure ice or “impure” ice is 
separated in such cases arise apparently from the circumstance that 
solutions /)f different strength have been examined. From our solu- 
tion, pure ice is separated at a little below 0® C. And as the tem- 
perature falls, more and more ice separates out, thus enriching the 
remaining solution. But this cannot go on indefinitely, for if it did 
so wo should have at last anhydrous saltpeter liquid at some tempera- 
ture below 0® C. The enrichment goes on as the temperature falls, 
until the same temperature and the^same composition are reached as 
were reached in the case of the impoverishment of the saturated 
solution by the withdrawal of the s^tpeter. And now again the 
temperature ceases to fall, the salt solution ceases to change its com- 
position, tho water and saltpeter solidify together at the same tem- 
perature and in the same ratio as they did before, until the last drop 
is solid. 

What manner of body is this which is thus formed ? A solid, of 
crystalline form, consisting of water and saltpeter in fixed ratio, and 
of constant freezing and melting points. A hydrate obviously, and 
because it can only exist in the solid form below the freezing point of 
water, we may call it a cryohydrate. 

Thirty or forty of the most familiar soluble salts have been 
examined in a similar manner and with similar results. Each com- 
bine with a certain proportion of water at a certain temperature 
below zero C. The proportions are different with different s^ts, and 
so are the temperatures of solidification, and at present I can only see 
indications in a few cases of generalizations connecting the chemical 
compositions with the temperatures. 

The Table A and Diagram B now nearly completely explain 
themselves. 
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Table A.— Shows (I) The Chemical Formula of the Salt ; (2) The Lowest 
Temperatubb to be got by mixing the Salt with Ice ; (3) Tempebattirb of 
Solidification of the Cbyohydrate ; (4) Molecular Ratio between Anhy- 
DRoub Salt and Water of its Gryohydratb (Water-worth); (5) Pek- 
OENTAOB of Anhydrous Salt in Cbyohydrate. 


(0 

Formula of Salt 

(a) 

Temperature of 
Cryogen 

Temperature of 
Solldlfitalion 
of Cryobyiirate. 

(4) 

Molecular 

Ratio 

or Water-worth 

Percentage of 
Anhydrous Salt 
in Cryohydrate. 

CaCl, 

0 

- 33 

0 

-37 

11*8 

36*45 

Nahr 

-28 

-24 

8*1 

41*33 

Nil, I 

-27 

-27-5 

6 4 

55 49 

NrI 

-26-5 

-28 

5-8 

59*45 

KI 

-22 

-22 

8 5 

52*07 

NaCl 

-22 

-22 

10 5 

23*60 

SrCl^-f-OHaO .. .. 

- 18 

-17 

22*9 

27*57 

NH.^SO* 

- 17*5 

-17 

10 2 

41*70 

NH^Br 

- 17 

-17 

11 1 

32*12 

NH.NO, 

-17 

- 17-2 

6-72 

43*71 

NaNO, 

- 16-5 

-17*5 

8 13 

40-80 

NH,C1 

- 16 

-15 

12-4 

19 27 

KBr 

-13 

- 13 

13-94 

32 15 

KOI 

-10-5 

-11-4 

16*61 

20 03 

K,CrO< 

- 10 2 

- 12 

1 18 8 

36*27 

DaCI,+ 2H,0.. .. 

- 7*2 

1 - 8 

[ 37*8 

23*2 

AgNO, 

- 6-5 

1 - 6-5 

10 09 

48 38 



- 6 

- 6 

33 5 

25 09 

MgP 04 + 7H20 .. 

- 5*3 

- 5 

23 8 

21 86 

ZnSO^+TH^O 

- 5 

- 7 

20 0 

30*84 

KNO 3 

- 3 

-26 

44 6 

11 20 

Na,CO, 

- 2-2 

- 2 

92*75 

5 97 

CUSO 4 -b SHjO 

- 2 

- 2 

43 7 

16*89 

FeS 04 + 7H,0 

- 1-7 

- 2 2 

41 41 

16 92 

K,S 04 

- 1 5 

- 1-2 

114*2 

7*80 

K^Cr^O, 

• - 1 

- 1 

292*0 

5*30 

Ba 2 NO, 

- 0 9 

- 0 8 

259 0 

5*30 

Na.SO^+lOHjO .. 

- 0 7 

- 0 7 

165*6 

4*55 

KUO, 

- 0-7 

- 0 5 

222 0 

2 93 

A1,NH,2S04+12H,0 

- 0 4 

- 0-2 

261*4 

4*7 

HgCl, 

- 0 2 

- 0-2 

450*0 

3 24 


In Diagram B are shown, as well as the cryohydrates (which aro 
the points of reflexore, or lowest points of each curve), the tempera- 
tures at which various salts of various strengths (a left-hand branches) 
give up ice and (b right-hand branches) give up salt. 

Let me only remark concerning these ratios of Table A, th^t those 
bodies at the bottom of the list are nearly pure ice, and yet by the 
generalization of continuity they are bodies of similar composition to 
those at the top^f the list which are well within the litnits of 
chemical ratio. One is tempted to look upon these ratios af being 
brought about not by the same saturating capacity as detdrmines 







Dtaqrav B. 
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elementary nnion, but by a kind of crystallographic relationship, 
of which I can say no more because no more is known. 

Very palpable eTidence of what we may in this generation call 
physical relationship as distinguished from chemical relationship, is 
shown in the composition of innumerable minerals, and notably in 
the water quantity of Tarious silicates, the composition of which can 
only be reconciled to ordinary chemical ratio by the greatest licence 
in arithmetical manipulation. 1 say, ** in this generation,” for haply 
the time practically predicted by !^rthollet at the beginning of the 
century cannot be remote when the barrier between the two sciences 
will vanish. 

Is it likely that so numerous and interesting a class of bodies 
as these cryohydrab s should be mere creatures of the physical 
laboratory, and be without a function in nature ? I trow not. They 
affect the composition of polar ice as follows. 

Although sea water has no maximum density, and therefore ice 
can be formed anywhere in its mass, yet it loses heat mainly from the 
surface, and it is there that ice is chiefly formed. If the fall of tem- 
perature be gradual, the crystals of pure water which solidify are for 
the moment surrounded by cold sea water deprived of a portion of 
pure water, that is enriched sea water — a stronger brine. This sinks 
and diffuses, and gives place to fresher sea, which in its turn yields 
pure ice. By gravity and osmose, in time, the pure sea is renewed 
in the region of gelation, and pure ice results. But if the loss of 
heat be sudden and considerable, the salts of the sea are fixed as 
cryohydrates with the water, and so perpetuated in situ according to 
the temperature at which their cryohydrates solidify. And I should 
expect that paleocrystic ice formed from the freezing^'sea would 
contain the metals sodium, magnesium, and calcium in a different 
relative proportion to that in which they exist in the sea water. Be 
this, however, as it may, it is clear to me that no theory of ocean 
circulation can be complete which does not take into account the 
formation of cryohydrates in the polar regions. 

These compounds of salts with water have both a great use in 
many a familiar operation, and a great significance in many a 
familiar phenomenon. With regard to their use, I need only 
mention the fact, that it is clear that by their means we can 
attain to and maintain with absolute constancy many definite tem- 
peratures below 0° C. For a body plunged into a molting or solidi- 
fying cryohydrate will be maintained at a temperature as constant as 
that of melting ice or freezing water. 

With regard to their significance, they give us a complete key 
to the hitherto closely concealed rationale of freezing mixtures or 
cryogens made by mixing ice or snow with various salts. lor the 
degree of cold which can be reached on mixing a salt with ice 
can never exceed in lowness the temperature at which ths cryo- 
hydrato solidifies, because the consequent solidification of the cryo- 
hydrate would furnish heat. Nay, more. Since of all ratios between 
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the salt and the water that of the cryohjdrate demands the lowest 
temperature for solidification, the liquid portion of a freezing mixture 
can neither be stronger nor weaker than the cryohydrate, it is the 
cryohydrate and the slightest further loss of heat causes solidifica- 
tion. Look now at columns (2) and (3) of Table A, and you see 
how closely parallel, how, indeed, within the limits of experimental 
error, identical are the two series of numbers. 

By cooling a thick slab of glass in a freezing mixture, and 
dropping upon it various salt solutions, I show you now a few cryo- 
hydrates in the act of solidification. 

I may mention that not only metallic salts, but crystalline solids, 
of organic and inorganic origin form similar cryohydrates. Amongst 
the most interesting of these are the cryohydrates of alcohol and 
ether. The latter contains a largo proportion of water, and its tem- 
perature of solidification is so little below zero C. that I can show it 
you. Solidified in a test tube, and removed therefrom, it forms a 
white crystalline rod, like a candle. The ether burns away when a 
light is applied to one end, and, by its non-luminosity, clearly illus- 
trates the generalization of Dr. Frankland, that, other things being 
the same, a* cold combustible burns with less luminosity than a 
hot one. 

Let me here turn for a moment to the comparison between the 
effects of heat and cold upon salt solutions, and notice how closely 
parallel are the two scries of phenomena. 

Compare the decomposition of a salt solution by the loss of 
heat with the decomposition by gain of heat when such a solution 
boils. And in instituting this comparison, we must bear in mind 
how much more sensitive to variation in pressure is the boiling than 
the solidifying point. 

And before quitting this part of the subject, I may call^ to mind 


(1) A Bolution poorer than the cryo- 
hydrate loses heat ; ice is formed. 

(2) This goes on until the proportion 
of the cryohydrate is reached, the tem- 
perature falling. 

(3) The cryohydrate may bo reached 
by freezing out ice from a weaker solu- 
tion, or by any other withdrawal of 
water. 

(4) When ice separates from a liquid, 
it remains in contact with the liquid, 
and endeavours to ledissolvo therein. 

(5) When by the separation of ice 
the proportion of the cryohydrate is 
reached (nearly independent of pres- 
sure), ice and the salt separate simul- 
taneously. 


(1) A solution poorer than tliat satu- 
rated at a given temperature receives 
heat ; vapour is formed. 

(2) This goes on until saturation is 
reached, the temperature lising. 

(3) Saturation may be reached by 
evaporation, boiling, or any uthtr with- 
drawal of water, 

(4) Vapour separated from a liquid 
is removed from the field of contention, 
unless the liquid be enclosed with the 
vapour. 

(5) When by the separation of vapour 
the proportion of saturation is reached 
(very depeitdent upon pressure), vapour 
and the salt separate simultaneously. 
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(6) One being a solid and the other 
a vapour, they do not unite, but in 
their separation pre»'rve a constant 
gravimetiio ratio under like conditions 
of pressure. 

(7) A saturated solution, when boil- 
ing, shows the same r.itio between the 
vapour formed and the salt precipitated 
as exists between the liquid water pre- 
sent and the salt it holds in solution. 
The temperature of boiling is (under 
like pressure) constant. 

the fact that we find amongst the phenomena of igneous fusion facts 
perfectly analogous with those which we have been studying. Thus, 
in Pattinson’s process for tho desilverizing of lead, the mass contain- 
ing a small percentage of silver is melted and gradually cooled, lead 
(ice) separates out in almost perfect purity, tho temperature sinks, 
and more and more lead is separated, until, as Dr. Percy informs me, 
a two and a quarter per cent, of silver lead alloy, a pyro-plumbide 
(a cryohydrate), is reached. 

Lastly, let us reflect upon tho solidification of water in jellies, and 
its attitude towards colloid bodies. 

My illustrious teacher Graham, in a series of researches which 
have perhaps never been surpassed for philosophical insight, showed 
how all matter is divisible into two great classes, crystalloid and 
colloid. He proved that a crystalloid body penetrates through a 
colloid without essential obstruction. The colloid and crystalloid 
have no grip on one another. And quite in accordance with (Graham’s 
views I find that, although gum-arabic is far more soluMe in water 
than table salt, we totally fail to make a freezing mixture with gum 
and ice or snow. And inversely, when a strong solution of gum or 
glue is cooled, the temperature cannot be brought below 0° C. until 
tho whole of the water has been separated as ice. This being so, wo 
ought also to find that the presence of gum or gluo in water does not 
raise its boiling point, as do tho presence of crystalline salts. Experi- 
ment shows us that the boiling point of water is really and consider- 
ably lowered, so that if, for instance, I remove the atmospheric 
pressure from two vessels slightly wanned, tho one containing 
50 per cent, of gum and tho other pure water, the gum solution is 
the first to boil. 

In tho series of barometer tubes on tho table, whoso images 1 
throw on the screen, you have (l)an ordinary barometer, (2)i^ similar 
barometer with a crystal of alum in the vacuum, (3) with a saturated 
solution of rock salt, (4) with water, (5) with a morsel of liize, and 
(6) with a 50 per-cent, solution of gum-arabic. It is obserfod that 
the depression of the mercury, which of course measures th^ vapour 
tension, is in the order mentioned. The solid water of crystallization 
leaves the alum, but is partly restrained by tho affinity of the residue. 
The saturated salt solution again, but more feebly, restrains the 


(6) The two bodies (ice and the salt) 
being crYstallizable solids, unite to foi in 
a crystallizable cryohydrate which ex- 
hibits a constant gravimetiic comiiosi- 
tion. 

(7) A cryohydrate in the act of solidi- 
fication shows identity of composition 
between the solid and liquid portions. 
The temperature of solidification is 
constant. 
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water, while the gum and size do not restrain the vapour tension of 
the water at all ; they have no grip on the water. 

Even through the colloid caoutchouc, of which the toy air-balls 
are made, water penetrates with marvellous facility. The one on the 
table, which weighs now about 700 grams, weighed 750 grams only a 
few weeks ago. It has been losing 0 • 06 grams per hour with remark- 
able regularity. And I suppose, if we could see the structure of a 
jelly, we should find it to consist of a network of solid fibres hamper- 
ing the motion of the crystalloid liquid among them ; or of cells of 
solid elastic matter, containing liquid such as the mass of cells on the 
table. 

The hour is up, and I must end. My task will not have been 
essayed in vain if I have brought forward evidence that, in the philo- 
sophy of the simplest things, yet much remains to be disclosed. Far 
from me the thought of undervaluing the labours of those who from 
time to time enrich science with hundreds of new substances of com- 
plex composition. On the contrary, I admire, I am grateful to them 
for their successful efforts ; for I am thoroughly assured that it is 
by the comparison of terms of series, which terms stand apart from 
one another almost imperceptible differentials, that the great 
integral curves of natural generalizations can be traced out. And 
yet 1 say, and earnestly maintain, that in the philosophy of the most 
familiar properties of the most familiar things, there are, as it were, 
lying at our very doors, vast and unexplored regions ; meads brightly 
blooming with the unpluckcd flowers, and orchards mellow with the 
ungamered fruits of natm'al truth. 

IF. G.] 



Friday, February 23, 1877. 

Sill W. Frkdkkiok Pollock, Bart. M.A. Vicc-Piesidcnt, 
in the Chair. 

John Fletcher Moulton, E^q. M.R.I. 

Matter and Ether. 

All are familiar with the process by which the discovery of the la^^s 
that govern phenomena is effected. Close study of various instances 
of some one phenomenon, with their general likeness and their 
individual peculiarities, leads,- either by the slow process of trial and 
error or by some happy guess, to the discovery of the law to which 
the observed variations all conform. When this is once ascertained, 
the whole group of phenomena fall into harmony, and instead of a 
mass of separate observations, science seems but the exemplification 
of a single law. This step in the simplification and unification of 
nature taken, the human mind is free to seek fui‘ther conquests. But 
great as is the advance made by such a step, the mind cannot rest 
content with it. The dry mathematical expressions which we know 
as the laws of nature, are soon felt to assuage scientific miriosity to a 
very imperfect degree. No sooner have wo discovered the law that 
governs any sot of phenomena, than we are irresistibly drawn to ask 
the qiiestion, How comes it that this is the governing law ? of what 
set of hidden causes is it the outcome ? And thus we are led to seek 
for the mechanism of nature and to find the physical causes of its 
laws. Nay, we go further ; we cannot be content till wo discover the 
nature and properties of the subject matter of its phenomena, and can 
deduce from these the previously discovered laws as necessary con- 
sequences. And the complete realization of one part, at least, of this 
search, is not beyond the bounds of possibility. It probably will 
some day be known to the human race that the whole of nature is but 
the manifestation of a very few distinct physical existences, possessed 
of known properties of so simple a kind and so universal in their 
presence that experience can never enable us to analyze them farther. 
The possible forms assumed by these elements will be deducif)lo from 
their properties ; and the more complex laws that will regelate the 
behaviour of the Resulting substances, will be problems dote^minablo 
Irom their known structure* Thus all nature will be theof'ctically 
the resultant of the interaction of known agencies, and the solution 
will be complete, even though the stupendous ^fficulties of the analysis 
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nocessary to deduce the laws of eyen the more simple phenomena 
from the properties of these elements should compel the men of that 
far distant future to arrive at laws by induction from experiment, just 
as we do now already in the simplest of all sciences — astronomy. In 
this science, the phenomena of which are due to only four laws, each 
of which is capable of statement in most simple terms, the complexity 
of the analysis well-nigh drives astronomers to abandon calculation 
for observation, in the more delicate refinements of accuracy in which 
they indulge. Similar considerations will always operate to keep 
distinct the sciences that deal with distinct classes of phenomena, long 
after it has become a recognized truth that they are all the more or 
less complex manifestations of some few known elemental, physical 
existences. And certainly no considerations of the limits of possible 
success can avail to destroy the fascination of researches into the 
ultimate constitution of the existences of which nature is built up — the 
minute anatomy of the universe. 

But although investigations of this nature are so interesting, and 
promise not only success, but success of the highest order, and 
although the interest of the research is common to the devotees of 
every scienoe, inasmuch as it deals with that which underlies them 
all, it is most remarkable that so little advance has been made in this 
direction. And not only is it the case that we are compelled to admit 
that our ignorance of the ultimate constitution of matter is well-nigh 
as dense now as it ever was, but if we examine the attempts at 
solving the problem, hitherto made, they strike us at once as having 
the strangest characteristics. While in most of the other regions of 
research the results of all investigators havo a certain family 
likeness, and the theories they propose — though perhaps mutually 
exclusive — have many points in common, yet here we find that the 
different solutions proposed have the wildest dissimilarity, and many 
of them present so fantastic an appearance, that it is difficult to 
believe that they are the productions of the sober investigators whose 
names they bear. Wo are too apt to pass lightly over the lesson 
taught us by the contemporaneous existence of the corpuscular and 
the undulatory theories of light. That two theories so diametrically 
opposite in nature, hypothesizing such utterly different constructions 
and properties of matter, could at a time not so very long past have 
been considered as possessing tolerably equal claims to acceptance, 
opens up a vista of ignorance as to the ultimate constitution of matter 
which is very humiliating. Nor will it suffice to say that those were 
the days when true science was in its infancy. Though the dispute 
between the two theories of light was speedily settled by the com- 
plete defeat of the corpuscular theory, and our ignorace of the real 
mechanism that produces and transmits light was rendered thereby 
less total — in fact we may say that it was so far dispelled that only 
those capable of thoroughly understanding the subject, can feel the 
difficulties and imperfections of the accepted theory — yet similar 
struggles are still going on in other kind^ subjects, and for them 
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no such excuse can bo pleaded. Take, for instance, electricity and 
magnetism. Our knowledge of their phenomena is extraordinarily wide ; 
such a book as Wiedemann’s ‘ Galvanismus ’ shows an accumulation of 
observations on one simple branch of the subject that can scarcely bo 
paralleled in any other science. Yet if wo look at the rival theories 
as to the nature of electricity, and its connection with matter, they 
seem so grotesque and so dissimilar — so like mere guesses in short — 
that we can scarcely help fancying that wo aro back in the days of 
Lucretius, when the best qualification for being a philosopher was to 
be an imaginative poet. And indeed in fertility of imagination, the 
authors of such theories as those to which wo are referring seem not un- 
worthy rivals of the Homan poet, and they make similar demands on 
our powers of belief. Weber and Ampere’s ideas of magnetism being 
caused by each molecule of matter having its own special electric 
current circulating round it everlastingly ; Poisson’s idea that it is 
caused by each molecule being permeated by two mutually neu- 
tralizing fluids, capable of being separated by external attraction, but 
incapable of being removed from the molecule ; the rival theories of 
two fluids, of one fluid, and of no fluid, in electricity, the numerous 
theories as to the nature of the luminiferous ether and its relation to 
matter, and the vortex theory of atoms, suffice to show that no 
effective check has as yet been placed on the free use of the imagina- 
tion in this department of research, and seem to give some colour to 
the suggestion that the intolerance of credulity, professed by men of 
science, is easily relaxed by them in favour of their own pot 
theories. 

The chief and immediate cause of this is not far to seek. Any 
attempt to arrive at the hidden mechanism which causes a pheno- 
menon, must bo a direct reflex of the knowledge and the ignorance of 
the ago in which it is made. Let us take the case of some ingenious 
machine performing some known operations. If a person wliolly 
ignorant of mechanism, save so far as the olyccts of common life tcacdi 
it to intelligent observers, were to attempt to solve the problem of its 
construction, he would seek for some arrangement of levers or other 
mechanical appliances of the simplest and most elementary nature, 
which would give the desired result. If a mechanician were to apply 
himself to the same problem, he would have present to his mind all 
the refinements of mechanical science, and would probably arrive at 
a solution, no portion of which would resemble the one composed of 
the simpler elements, while his might in no respect resemble that 
which would be arrived at by one who, in addition to possessing a 
knowledge of mechanism, was also a skilled electrician. Each of the 
solutions would consist of the elements which the experience and 
knowledge of the maker enabled him to use, and there would be no 
probability of any^of them representing the actual construction of the 
machine in question, unless the artifices used in its construction were 
such as were known to some of the persons who were thus attempting 
to reconstruct it. Just so is it with the attempts we make to arrive 
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at the mochaulBin of nature. They are charged to tho full with our 
ignorance. If wo happen to be acquainted with structure similar to 
the actual structure sought for, then success is possible, and some 
discoverer will in all probability arrive at a close approximation to 
the real state of things. If we do not, then all our efforts will but 
lead us to the discovery of a possible mechanism — one which might cause 
the phenomenon, but which is not the one which actually does cause it ; 
and with this we must rest content, till in some way or other our know- 
ledge of possible elements of construction is widened, when we may 
return again to the problem and find a now solution, which may in 
its turn have to be replaced by future ones. Take, for example, the 
question of the structure of matter. Matter was known to move with 
little or no resistance through the ether, to attract other matter, to be 
capable of great complexity in its nature, inasmuch as the light pro- 
ceeding from elements, when in a state of incandescent gas, shows that 
they are capable of a large number of fundamental vibrations. To 
explain all this many most ingenious hy])otheses were devised, both 
as to ether and matter ; molecules or atoms were viewed as complex 
arrangements of parts vibrating or revolving under their mutual 
attractions, -^ther was made an imponderable. Space was filled with 
ultra-mundane corpuscles, which, by their perpetual rain on all masses 
of solid matter, caused the phenomenon of gi*avitation. At length 
Helmholtz discovered vortex-motion. Vortex rings were found to 
move with little or no resistance in tho medimn, \\hether fluid or 
gaseous, in which they wore formed ; they were sensible of tho 
presence of one another though not in contact , they were capable of 
being made to have the most intricate forms, and to take up the most 
complicated systems of vibrations. Instantly a vortex-theory of matter 
was devised, which has very much to recommend it, and which is at 
present the one in highest favour. But just as it was only rendered 
possible by Helmholtz’s discovery of the new form of motion after 
which it is named, so it may in its turn have to give way to other 
theories which enlarged knowledge shall have enabled us to suggest. 

The difficulty at once suggests itself, that if we admit that these 
theories as to the actual mechanism of nature are so intimately 
dependent on the state of the ignorance or knowledge in which we 
are when they are framed, how can it be right to attach any credence 
to them ? How can we believe a theory at the same time that we 
admit that it will be probably displaced by another and a different 
one which will have at least as high claims to our belief ? Science 
would at once lose all claim to be called the strictest school of belief, 
if it countenanced any such moral gymnastics as a belief which could 
thus co-exist with disbelief. And yet so great is the assistance 
derived from a well-constructed theory as to the mechanism producing 
phenomena, that she cannot afford to allow all efforts at solving such 
problems to be delayed until there comes a stage of such perfect know- 
ledge, that the mind might claim to be capable of pronouncing ou 
them with certainty — if indeed such a time could evor come. So she 
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boldly faces the difficulty of which we have spoken — the difficulty of 
showing any other choice open to scientific men, than either to be 
credulous or to be timid — by distinctly recognizing a class of scien* 
tific fictions, or, as they are usually called, hypotheses. These are 
theories as to the mechanism of nature which, either completely or 
to a great extent, account for some set of phenomena, and which 
therefore, so far as our knowledge goes, may correctly describe the 
whole or some part of the actual cause of the phenomena, i. e. the 
mechanism that produces them. 

Nothing is more important in scientific thought than to dis- 
tinguish between these hypotheses and laws. The discoverer of 
laws has nothing to do with actual causes. He only notices and 
formulates connections and relations between phenomena, and these 
formulntions are laws. So far as the law is concerned, it is im- 
material whether the one of two connected phenomena is the cause 
or the effect of the other , or whether the relation between them 
arises from their being both connected with a third phenomenon ; 
the law is equally true in all cases. So long as the induction 
which has led to it has been duly and carefully performed, it is true 
and will never be displaced or superseded, however mistaken were the 
ideas which its framer possessed of the nature or causes of the pheno- 
mena to which it relates. Newton was quite right when he said, 
hypotheses non jingo ; for the portion of his great achievements to which 
he was referring consisted in the demonstration of the existence of 
certain laws, and not in the explanation of their causes. But he, as 
well as all other great men of science, when the right time came, was 
ready to frame hypotheses, to start these scientific fictions, which were 
to be thankfully received, studied, tested, respected, worked from, and 
in short, everything but actually believed in. And he least of all 
would have, on the one.hand, despised these tentative solutions, or, on 
the other hand, lightly believed in their truth. The whole of his 
work shows that ho appreciated the full value of hypotheses, a value 
which it is difficult to express clearly, but which every learner or 
teacher of science feels only too keenly. For, without some guiding 
idea as to the nature and causes of phenomena, the mind is very 
sluggish in devising good methods of investigation ; but so soon as a 
good hjrpothesis has been formed, it is so suggestive of fields of 
research and of experiments, that, whether it be true or false, there 
follows an immediate and rapid increase of knowledge. For a hypo- 
thesis may be a good one without being a true one. It may render 
the greatest assistance to the mind, it may be so well chosca that it 
accounts for kindred phenomena, not known at the time whop it was 
first suggested, it may lead to the discovery of now laws, and it may 
enable calculations to bo made which are of the highest value,^and yet 
it may turn out to"^ radically false. Even the theory that Heat was 
an imponderable fluid, might put forth a strong claim to our gi^atitude 
for the assistance it gave to early discoveries. To bo thus u^ful for 
a time, it is not necessary that the assigned mechanism should be the 
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true one, but only that the laws that result from its structure should 
closely correspond with the more potent of the laws that actually 
direct the observed phenomena. And just as this is all that a hypo- 
thesis need do, so is it all that its success entitles us to believe that it 
is doing ; and the true scientific attitude of mind towards hypotheses 
is to recognize them as describing causes which would produce results 
similar to those observed, and which, if not truly representing the 
mechanism which actually causes the results, at all events would 
produce results governed by the same laws. 

How then are we to take the further step of selecting from 
amongst those rival hypotheses, each of which professes to give some 
mechanism able to produce a particular set of phenomena, the one 
that actually represents the mechanism by which the phenomena are 
in fact produced? This is the most serious and the most difGicult 
step in discovery. And yet, at first sight, considering how complex 
are the phenomena that have to be explained, it would seem that any 
theory that succeeded in accounting for even a portion of them must 
be very near to the truth ; and it is so usual to consider that this is the 
final and sufficient test of the claims of a hypothesis, viz. that it 
should suffiecHb account for the phenomena, that when they are very 
complex it is often considered a more than sufficient test, and the 
hypothesis is accepted in spite of its being in many respects 
undeniably deficient. But, in fact, so soon as we begin to apply 
ourselves seriously to the problems of the constitution of matter — 
the hidden mechanism of nature — we are forced to abandon in great 
measure all such ideas. For we find that we have no true measure of 
complexity. From one single simple law will follow the most various 
and complex results, and hence any mechanism so designed as to 
exemplify in its results the working of that single law would, under 
such a canon as the one just referred to, be able to claim as evidence of 
its truth all the complexity which follows from that law. Yet such 
evidence would equally avail to support the claims of any other 
mechanism, whose results similarly obeyed that law, and of such 
mechanisms there might be many. This has been often exemplified 
in the history of science. The truth of a hypothesis has appeared to 
be sufficiently demonstrated by the manner in which it fully accounted 
for complex phenomena, and it has been accepted as a physical truth 
on such grounds, until some other hypothesis has been shown equally 
capable of accounting for them; and the success of both has been 
subsequently traced to their alike leading to results that were 
obedient to some one fundamental law, to the working of which the 
whole of the observed complexity was due. In the history of such 
deep-reaching principles as that of the Oonservation of Energy this 
has been a common occurrence ; but other instances are not wanting. 
After Sir W. B. Hamilton had deduced theoretically from Fresners 
Theory of Light, that in biaxal crystals there must be internal and 
externEd conical refraction, and their existence had been thereupon 
experimentally demonstrated by Dr. Lloyd, one might well have fancied 
that the accuracy of so remarkable a prognostication was sufficient 
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to establish Frosners Theory in all its details. Yet a theory framed 
by Cauchy, which, though in many respects similar to Fresnel’s 
Theory, is yet in fact wholly irreconcilable with it, was subsequently 
found to account equally for the phenomena ; and it is probable that 
any theory of undulatory transmission in a non-isotropic medium 
might be made to do the like. In fact, we can express in abstract 
language the weakness of the canon which would make the accept- 
ance of a theory follow from its success in explaining complex 
phenomena, by saying that to render the canon a good one, com- 
plexity must be measured, not by the apparent intricacy of the result- 
ing phenomt'ua, or the apparent difficulty of accounting for them, but 
by the number of independent laws by which the phenomena are 
governed, and which are successfully accounted for by the proposed 
mechanism. And as we arc seldom in a position to pronounce on the 
question of the independence of the laAvs that govern a set of 
phenomena, i.e. as to whether they are all traceable to a very few 
fundamental laws or not, we aio seldom able to estimate the complexity 
of those phenomena in the way that would alone justify us in taking 
it as sufficient warrant for the acceptance of a siic(*cbbful hypothesis. 

Nor is this the only one of the well-tried and approved canons of 
discovery that fails us when we are engaged in researches in the 
unknown land of the ultimate constitution of that of which the 
universe is composed. There is no principle which is more con- 
stantly present to the mind of the scientific investigator in his search 
lor the causes of phenomena than that of simplicity. Wondrously 
complex as arc the processes that are going on all around us in 
nature — so apparently complex that the untaught mind has in all 
ages sought to ascribe them, in a greater or less degree, tTT conscious- 
ness and volition resident in the things themselves, or in beings 
possessing the power iio direct them — bcicnce has so ofttui found 
that these highly complex results como from the very simplest causes, 
that the investigator expects to find simplicity in his results, and 
naturally inclines to believe that explanation to be tho true one which 
accounts in the most simple manner for tho observed phenomena. 
This has been advanced by some persons almost to tho dignity of a 
law of thought, and the mind is considered by them to be constrained 
to believe in tho truth of the simplebt hypothesis that explains a sot 
of phenomena to tho exclusion of all more complex ones. 

It is not very easy satisfactorily to account for the undoubted value 
of this canon, viz. that the simplest hypothesis is probably the true 
one. That there can bo any truth in it in its abstract foi*in (as is 
generally understood) is not probable. There is no reason to think 
that nature has any prcftTcnco for simplicity over complexity, if 
indeed it is possible to attach any moaning to such phrases. The 
deeper our knowledge becomes, the greater the complexity that 
confronts us, and the fainter our hope of finding that the ultimate 
solution will bo a simple one. It is probable that much of tiho value 
of the canon arises from tho fact that the simpler hypothesis will in 
general be the one that supposes tho concurrent action of the fewest 
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independent causes ; and it is, of course, more probable that a smaller 
number of independent causes should co-operate than that a larger 
number should do so. But the value of the canon mainly lies in the 
view which the mind instinctively takes of simplicity. That is to us 
simple which is the result of means and processes to which we are 
thoroughly accustomed, and with the results of which wo are fully 
familiar. Operations the most complex in their nature are often 
felt to bo simple, and scarcely to need any explanation, solely because 
they are so common. It seems, for instance, almost superfluous to 
invent elaborate mechanism to account for such simple phenomena as 
evaporation or weight. And thus a hypothesis which is felt to be 
simple is usually one which traces the phenomena to the action of 
causes with which we are very familiar, i. e. which are constantly at 
work around us, and which are therefore just the causes that are tho 
most probable. 

From such considerations wo at once see how useless must tho 
canon of simplicity be to us when investigating tho ultimate consti- 
tution of tho materials of which the universe is built up. For, in the 
first place, we have little or nothing to guide us as to tho probability 
of the cononfrsuoc of different causes in this unknown region, and 
secondly, a thing which is of infinitely greater moment, wo are abso- 
lutely ignorant ( save in one or two isolated points) of the types of 
structure and action that wo may expect to find commonly exem- 
plified therein. For in seeking to determine the ultimate constitution 
of matter and ether, and of all that directly or indirectly acts upon 
them, wo are going beyond all the phenomena with which wo have 
been rendered familiar by observation, whether general or special, and 
w'o are occupied in ascertaining the mechanism by which matter and 
ethor are enabled to produce the phenomena wo see. Now, of this wo 
have no previous experience, and it cannot bo too distinctly kept in 
mind that where there is no oxporienco there is absolute ignorance. 
In the world around us wo see only the aggregate results of infinitely 
numerous separate actions, none of which are simply cognizable by 
our senses or our instruments. Every experience of matter that we 
havo in mechanics is of matter acting in masses. Chemistry and 
physics give us certain phenomena, caused doubtless by a more inti- 
mate action of matter upon matter, but the results are only known to 
us in gross ; and even if we assume that the process is uniform 
throughout, it is only tho result of that process that w^o see, and its 
nature is wholly concealed from our view. Similar remarks apply to 
the other branches of science. Nowhere do we get any direct infor- 
mation as to tho nature or details of these processes, or as to the 
mechanism by which they are rendered possible, and thus wq nowhere 
got any knowledge of tho tyjies of mechanism that we may expect to 
find at work. It is true that in all action of matter upon matter we 
see that certain laws are universally obeyed. But all that this enables 
us confidently to enunciate is, that the nature of matter must be such 
that when matter acts upon matter in appreciable quantities, such and 
such laws obtain. We are not even justified in asserting that the most 
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universal of these laws must necessarily hold good in the case of the 
separate actions of which the aggregate is mt^o up.* Still less are 
we in a position to say that one hypothesis is to be preferred to another, 
because it hypothesizes only such types of structure or action as we 
are familiar with in our experience oi the world of visible phenomena. 
It is scarcely too much to say that at present our ignorance of the 
ultimate constitution of matter is such that no one suggested structure 
ought to be viewed by us as being in itself more simple or more 
probable than another. 

Unable then to use those canons in their ordinary form, we are 
driven back to the truths that underlie them. It is true Uiat we 
cannot rightly judge of the value of success in explaining the complex 
behaviour of matter as a test of the truth of a hypothesis. And it is 
also true that we cannot directly judge whether the causes wo propose 
to assign for that behaviour are probable ones. But out of the corn- 
billed effoct of the two there arises a third canon of the highest value, 
specially adapted to meet the peculiar difficulties of the task. It 
may, perhaps, be expressed by saying that the probability of the truth 
of a suggested hypothesis, as to the constitution of matter or the 
nature and mode of transmission of its actions on other matter, is 
measured by the dissimilarity of tho phenomena explained by it. So 
long as the hypothesis satisfactorily accounts for but one class of 
kindred phenomena, no matter how complex they may be and how 
satisfactorily it may account for them, its truth must still remain in 
doubt, inasmuch as from our ignorance we are unable to say how much 
is denoted by that success, in other words, how far such success may 
be due to these phenomena being necessary consequences of but very 
few laws, or even of a single ono. But if the same hyj^thesis explains 
phenomena of a wholly different character to those which suggested 
it, and which so far as wo can judge have no direct connection with 
them, then we are justified in accepting the hypothesis as a genuine 
c6ntributiou to our knowledge of nature. 

This will bo rendered clearer by an example. Take as an instance 
what is probably the most successful attempt that has yet been made 
to penetrate the darkness that surrounds the constitution of matter. 
Long ago, in order to explain the phenomena of combining pro- 
portions in chemistry, the hypothesis was framed that every element 
or chemical compound consisted of small atoms or molecules of 
definite size, constitution, and weight, and that the process of 
chemical combination consisted in the building up of new compound 

* This 18 no idle refinement No law would seem to be more absolutely with- 
out exception than that heat of itself tends to pass from a hot body |o a cold body, 
j. e. that heat tends towards an equalization of temperature. Yet this has been 
shown to depend m some iustancos rather upon the law of averog^ than on the 
fundamental laigys of energy, and to be inapplicable to tho action single mole- 
cules; and it is not impossible that wo might be driven to take a similar view of 
such a law as that of the conservation of energy, though, fortunab'ty^ nothing as 
yet points to this, and it would, therefore, >)e unscientific to increase the ditliculty 
of investigation by making such a hypothesis until it shall be found that iheie 
are good grounds for doing so. 
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molecules out of tho molecules or atoms of tlie combining bodies, or 
the atoms that composed such molecules. The impetus given to the 
science of chemistry by tins felicitous liypothosis can hardly be 
exaggerated. It permeated tho whede of clieiiiical research, and 
gradually came to be treated as though it represented a demonstrated 
fact. Against tin's tho more accurate scientilic thinkers protested, and 
were in tho right in so doing. They pointed out tliat the only facts 
relating to tho matter with which wc wore acquainted were those 
expressed by tlie law of combining proportions — that it was true that 
tho atomic theory satisfactorily accounted for this law, but that tho 
mere fact of its accounting for this single law uas a very in- 
sufficient grouu<l for accepting the absolute truth of the theory. 
There could be no doubt of the justness of these views, and tho 
strictly hypothetical character of the theory was once more generally 
recognized. But of late the iiiv<'stigati()ns of physicists into the 
dynamical theory of gases have shown that when substances arc in 
tho gaseous condition (in which alojie the separate particles of which 
they are com posed, arc capable of free and indepcndciit motion, and 
— BO to speak — of manifesting their separate constitution) they arc 
conip(Jsed of * n nudly moving minute particles, of just such size 
and weight as the atomic theory would h‘ad us to expect. Now 
this is pr('cis(ily the type of contirmation which our ciint)U points 
to as justifying belief. Nothing was farther from tho thoughts 
of tlio inventor of the atomic theory tliaii tho explanation of tho 
relations b(‘tween temiieraturc and pres-^uro in gases — it was solely 
to act‘ount for a law' of chemical combination that he framed his 
hypothesis — an<l yet wv find that wlnn in the state of gas the sub- 
stances actually consist of ju^t such particles as the att>mie tlieory 
requires, No two more dissimilnr classes of phenonuam could W'ell 
1)0 imagined ; and it is in consequciu'e of this wide dissimilarity of tho 
])heiionieiia which it explains, that, ultlnnigh theories have been started 
in other l>rancln‘s of niokcular physics whieli have success, fully 
grappled w'itli far inoie intricate plieiK/iiK iia, there is no theory '-f tho 
nltiinato const itiitiou of matter which has nearly so high a claim to 
be reganled as an absolute ]»]iysical truth as the atomic the< i-y. 

This canon seems to have but little connection with that of 
simplicity, or, as we may term it, tho Law' of Parsimony. And the 
reason of this is, as has been shown, that we are too doAqily ignorant 
of the nature of the ultimate structure of any jiortioii of the universe 
t<i be able to tell wludher any suggested structure is a probable one, 
i. e. is one of a type fieqiiently occurring. Slowly ns wc penetrate the 
mystery wo shall acajuire knowledge of particular instances or types 
of structure, and shall leain what sort of results to expect in our 
researches; and so soon as this stage is attained w'e shall rightly 
give w'cight to our inclinatiou or repugnance t nvnrds any suggested 
hypotht^sis. But at present wc are scarcely jusiitiod in doing so in 
any degree, and therefore it is of the greatest help to science that 
dilferent investigators should separately work out theories depending 
some wholly on actions retjuiriiig a continuous medium for their 
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transmission, and others hypothesizing action at a distance. Such as 
succeed in explaining the phenomena to which they relate must, in 
the present state of things, be held to bo of an equally hypothetical 
character, and, on the other hand, to bo equally good candidates for 
final acceptance. As we have said, there is good reason to hope that 
this state of things is but temporary ; but at present it exists, and it 
therefore profits nothing to turn the mind inward upon itself, to ask 
it to pronounce on the possibility or impossibility of things as to 
which it knows nothing. Nothing but laborious and prolonged 
experimental investigations will entitle us to give the preference to 
one or the other of the rival theories ; and this will be duo to the 
experience so gained, and not to any process depending on considera- 
tions of what is a priori possible or impossible in thought. 

It is this utter absence of experience — this total ignorance of what 
is possible or impossible, probable or improbable — wliich causes us 
on the one hand to tolerate so kindly such fantastic hypotheses as 
those of which we have given instances in Weber’s and Ampere’s ideas 
as to molecules, or the collision theory of gravitation ; and on the 
other hand to view with such doubt and suspicion, and to examine 
with such a jealous eye, the brilliant theories which have shed so 
much light on various parts of physics and chemistry. Take, for 
instance, the hypothesis of a luminiferous ether. In no branch of 
physics are the phenomena so striking as in physical optics, and no 
theory has ever fulfilled so difficult a task as has the Undulatory 
Theory in explaining and accounting lor them ; and yet if we 
deliberately consider the claims of this hypothesis to be regarded 
as a physical truth, we cannot free ourselves from the most serious 
and perplexing doubt. Wo must separate in our miii4 the laws of 
the Undulatory Theory from the mechanism by which the hypothesis 
seeks to account for -them, and then if we weigh the evidence directly 
in favour of the existence of such a mechanism apart from such as is 
derived from its accounting for the laws of the Undulatory Theory, 
and when we contrast this with the enormous difficulty of reconciling 
the existence of such a mechanism with other phenomena, we aro 
almost in despair. Remembering that light only makes itself known 
to us in connection with matter, the necessity of a hypothesis of so 
serious a character might well be doubted. If it wore not for the 
finite velocity of light, and the great improbability (judging from our 
knowledge of the law and nature of energy) of there being a store of 
energy inherent in nothing for the time being, as there must be if the 
radiant light in the interplanetary spaces is not propagated through a 
continuous medium, it is very doubtful whether there would be any 
sufficient justification for the acceptance of the hypothesis ol a lumini- 
ferous ether a^ being even a near approximation to a physical fact. 
At present the existence of a luminiferous ether is generally admitted, 
though it is very usual to doubt the existence of a medidm for the 
transmission of electric action, and to look upon the latter cliLss of phe- 
nomenon as an instance of action at a distance. Yet I doubt whether 
the evidence in favour of the existence of a luminiferous medium 
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differs at all in kind, or even greatly in degree, from that in favour of 
a medium for electric action ; always supposing that it can be shown 
satisfactorily that induction across a vacuum occupies a finite time. 
If then wo admit the existence of a luminiferous ether to bo satis- 
factorily demonstrated, we must also admit the existence of an electric 
ether, and it will probably bo found that other typos of action have 
equal claims with these to special media for their transmission. Are 
wo then to crowd space with interpenetrating media, each having as 
its solo function the transmission of some special kind of action? 
Without pronouncing dogmatically as to whether this can or cannot 
be the truth, it is clear that at present wo are justified in declining to 
regard such conceptions as having any much higher rank than that of 
hypothoscs judiciously framed for the purpose of simplifying our 
analysis, and assisting our thinking powers. If it should turn out 
that the so-called luminiferous other accounts for the transmission of 
electric action, or — as at present scorns more likely to be the case — 
that a medium hypothesized for the purpose of accounting for electric 
action is capable of satisfying all the needs of tho Undulatory Theory 
of light, then indeed we may begin to think that our hypotlieses 
closely r«'ph< wut physical facts. But such recognition is rightly 
withheld so long as each new hypothesis suffices only to explain tho 
special type of idienomena for which it was framed. 

Many of our best physicists are at work on such subjects as these, 
and are making good progress. Difficult as is the task, it is still one 
that occupies itself with what wc have reason to bidievc is the simplest 
(if such a term can bo appropriately used in such a connection), and 
the most uniform and homogeneous typo of ultimate structure. Every 
glimpse that we got of the nature of matter (such, for instance, as the 
revelations of the spectroscope or the phenomena of crystallogra])hy 
and chemical change) mak(*s us start back astonished at the well-nigh 
unimaginable complexity that it reveals. But in the case of light and 
electricity, although their manifestations must to some dc^gree be 
bound up with matter, wo have the attendant complexities of matter 
playing but a secondary part, and tho main subject matter of tho 
manifestations appears to bo the result of some infinitely Vss compli- 
cated mechanism. It is true that we are at present baffied by this 
very difierence from gross matter, which in all probability Avill ulti- 
mately render tlic problem more simple, inasmuch as our imagination 
is little rich in suggestions that rise above modified experience. But 
tho fact remains that wc are here brought most nearly face to face 
with tho phenomena arising directly out of a comparatively simple 
type of ultimate constitution, and tliough the complex behaviour of 
matter would seem to give us more information as to its structure, 
and thus more guidance in our remarks, it is, as far as wc can yet see, 
in tho domain of light and electricity that wc have best reason 
to expect success in our efforts to arrive at tho hidden secrets of the 
ineclianism of the universe. 

[J. F. U.] 



Friday, March ‘23, 1877. 

Warren De la Rue, Esq. D.C.L. F.R.S. in the Chair. 

Professor J. H. Gladstone, Ph.D. F.R.S. 

Influence of Cftemicnl Gonatitution on the liefmcflon of Light. 

The object of the present discourse was to describe the advance that 
had been made in the subject of refraction equivalents since the 
lecture delivered on Friday, April 24, 1808. The s])eakor commenced 
by explaining the terms emploj^cd. The index of refraction of a body 
expresses the amount to which a ray of light is bent in passing from 
li vacuum into that body at any other than a right angle. It varies 
with the temperature, pressure, and every other condition which 
affects tlic volume of the substance. The specific refractive energy 
of a body is its refractive index minus unity, divided by the density, 
and this is a constant unaffected (or nearly so) by changes of tempera- 
ture or pressure, passage from tlio solid to the liquid or gaseous 
condition, solution in other substances, or chemical combination 
within certain limits. The refraction ecpiivahmt is the specific 
refractive energy of a body multiplied by its chemical equivalent. 

Ill the spring of 1BG8 tho number of chemical elements of which 
the refraction equivalent had been determined with »orc or less 
accuracy was 17, a number which has since been incrc'ased to 62. 
The additions arc principally the metals, and their refraction has 
been determined mainly from salts by taking advantage of the fact 
that a salt is not altered in specific refractive energy by solution in 
water or alcohol. About 200 salts have been examined, and by a com- 
parison of the results the value of each constituent has been obtained. 

Tho following table gives the conqiletc list of tlio elements, and 
their optical properties, as far as they arc known : — 


KU ruont 

J Atomic Wright 

Rr rrd<.tu»n 
Kriuiv^h 111 

.Specific Rofiactive 
Energy. 

Aluminium 

27-5 

8-1 

.107 

Antimony .. 

122 

24- 5—31- 8 

201--2t;0 

Araf'iiic 

7.) 

15-4 

aD5 

Barium 

.. .. 137 

1.5*8 

115 

Bismutli 

.. .. 210 1 

33*3 

l«7 

lioron * 

.. .. 11 ' 

4 


Bromine 

.. .. 80 

1.5-3-lC 3 1 

l‘)1^211 

Carlniium 

.. .. 112 

130 1 

121 

Cssium 

.. .. 133 , 

13*7? 1 

, 103 ? 

Calcium 

40 

10-4 

2fJ0 
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Elf moil t. 


Carbon 
Cerium 
Clilorino 
Ciiromiiim . 
Cob.ilt .. 
Copper 
Didyniiiim . 
Fluorine 
(TJallinm 
Chioiiiiun . 
Geld .. . 

ilydrof^cn . 
Indium 
Iodine .. 
Indium 
Iron 

Lnntliannni 
I/Mul .. 
liilliium 
]VT aijjnefsiiini . . 

Munj'iiMf^ , 

Meieiirv 
]\rol\l)denum 
Niekel.. . 
Nmliinm 
Nitrogen 
Osmium 
OvM'eu 
I'lvllailinm - 
Vliosfilioiud 
Platmnm 
Potn>>'>iuni . 
Pbodium 
Kuliidinni . 
Kutlienium . 
Selenium 
Sili< on 
Silver .. 
Sodium 
Stronlium . 
Suliilnir 
n'nnfidum . 
Telluiium , 
I’hullium . 
Thorium 
Tin . . . 

Titanium 
Tun;j:4< n 
Uranium 
Vanadium . 
Yttrium 
Zine .. . 

Zu*conium . 


Atomic Weight. 

Kefr action 
l/jul valent 

Specific Kefi active 
Energy. 

12 


410 

92 

I’s-o ? 

148 ? 

35-5 

0-9— 10*7 

270—901 

52-2 

15-9-29 

905—498 

58-8 

10-8 

184 

b;i 5 

11-0 

189 

;h; 

10 

100 

19 

11? 

79? 

6:i 

5-0 

000 

Ptd-7 

21 

122 

1 

1-9 -9-5 

1-300 -9-500 

71 



127 

21-5-27-2 

199 ’’214 

198 

91-7 ? 

lOO 

50 

12-0—20 1 

211—959 

1)2 

15-8 

i<;s 

207 

21-8 

120 

7 

9 8 

510 

21 

7 

292 

55 

]o 2 20 2 

222— J 70 

200 

21 -9 -29 -0 

107-115 

92 

58 S 

10-4 

177 

97*0 



11 

l-I- 5-9 

299-978 

1 199 



. 

2-9 

181 

lOi; :» 1 

, 00 .) 1 

20 s 

1 

' IS 9 ’ 

590 

197-1 

20 1 

i:;2 

1 99 1 

8-1 ' 

207 

101 

24-2? 1 

292 ? 

1 S5 5 

1 " ' 

101 

1 101 

1 1 

1 

79 

90 '5 

9-'5 

1 28 

7 • 1 — 0 • S 

209- 298 

' ms 

1,>’5 

125 

29 

4-S 

209 

87-5 

1 19-0 

155 

92 

197-5 

1 10 

1 

500 

1 -0 

1 201 

1 291 '5 

1 2rT. 

1 

100 

IIS 

27-0— 19-2 

209—102 

50 

250 

51-2 

181 



120 

10-8 

00 

51-2 

25-9 ? 

491 ? 

OS 



05 

It) 2 

150 

90 

22-9 

249 


, ^ indic.it(8 that ilio values hav< been dedum! fiom oiilv one compuuiul, or that the 

different UeUrminAtlons are not fall ly nccoid int 
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A glanco at the above table reveals several remarkable features. 
It is evident, for instance, that such non-metallic elements as phos- 
phorus, sulphur, selenium, carbon and boron have remarkably high 
speoihe refraction, while hydrogen is more than double any other in 
value. A more remarkable relation is one that appears when the 
specifio refi*active energy of the metals is compared with their com- 
bining proportion, that is to say, with the absolute amount which 
unites with one univalent atom — say 36 * 6 parts of chlorine — to from 
a stable compound. This is exhibited in the following table, in 
which the metals are ranged according to their combining proportions, 
hydrogen being included on chemical grounds. 


1 

1 flmint 

Speafle Ktfraclive 

1 ntrgy. 

Goinbiniiif; 

' Proportion. 

Hydrogen 

1-HOO 

1 

' Gluciiium 

606 

4-7 

' Lithium 

aw 

7 

‘ Aluminium ... 

:m 

91 

Cbroiiiium 

305 

17-4 

Maguesium 

292 

12 

Calcium 

260 

20 

j Zirconium 

219 

22-1 

I Rhodium 

232 ? 

34-8 

1 Manganese 

222 

27-5 

( Iron 

214 

28 

Sodium 

209 

23 

Palladium 

208 

26-6 

Putaesmm 

207 

39-1 

Arsenic 

205 

25 

1 Tin 

203 

29 • 5 

' Antimony 

201 


, Bismuth 

187 

69 1 

Cobalt .. .. 

181 

29-4 

Copper 

183 

31-7 

I’ Nickel .... 

177 

29*4 1 

1 DidMjiium 1 

166 

48 1 

1 Rubidium 1 

164 

42 7 

1 Iridiiiui ' 

160 ? 

49*5 1 


156 

32-6 1 

1 Strontium 

155 

43-8 

Cerium I 

148 

46 

Platinum ' 

132 

49-3 

Silver 

125 

108 

Gold 

122 

65-7 

, Cadmium ' 

121 

56 

! Lead .. 1 

120 

ln3-5 

1 Barium 1 

115 

68-5 

1 Mercury i 

J07 

100 

Thallium 1 

106 

201 

I CffiBium 1 

103 ? 

133 

I'ranium 1 

90 

120 


It is evident tliat as the figures in the first column decrease, tlioso 
in the second, os a rule, increase ; that is to say, that the specific 
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refractive energy of a metal is inversely as its combining proportion, 
or, in other words, that those metals which have the greatest power in 
retarding the passage of a ray of light, are those which have the 
greatest power of saturating another element. 

This law does not hold good absolutely : thus potassium and 
sodium, which have very different combining proportions — 39 ' 1 and 
23 respectively — have practically the same refraction. 

The extent of these discrepancies would be bettor seen if the above 
table were represented graphically. It would then appear as if there 
were a tendency to form not one curve, so much as three or four 
nearly concurrent curves, according to the particular character of 
the elements : thus the univalent metals, lithium, potassium, ru- 
bidium, silver, cecsium and thallium, would seem to form a curve 
somewhat within the others. 

These two properties — the saturating power and the refractive 
energy — arc Jiot directly proi>ortional. It would rather appear that 
the specific refractive energy is inversely as the square root of the 
combining proportion. Thus for the univalent metals : — 


Metal. 

{ Spetifu Kifractnc 

1 Liuigj’ 

Squire Hoot 
of Comblmll^; 
Propoition 

{ Product of thes.e 

1 twoNuniUrs 


.. .. 1 1-300 

1 

1-3 

Lithium 

.. .. ' 510 

20 

11 

Bfxlium 

.. ..1 209 

1 4-8 

1*0 

Potashium .. 

.. . 207 

' 0*2 

1*28 

Rubidium 

.. . 1 J04 

1 0*2 

1*5 

Silvt‘r 

' rifi 

10-4 

1-3 

Osium 

.. ..1 io:w 

11*5 

1-18 ? 

Tlmlliuni 

.. .. 1 100 

1 14-3 

1-51 


The law evidently holds true, roughly, for this group, with tho 
exception of sodium, which as noticed above is discrepant. This is 
the more remarkable, as the group includes tho elements of the highest 
and tho lowest saturating power. 

Another point in regard to wliich an advance has been made, is 
the following. If an element always had tho same refractive energy 
in whatever way it was combined, we should be able to calculate 
beforehand tho refraction equivalent of any compound of which the 
composition was known, and its refractive index also if we knew its 
density. This would be interesting, but we should evidently gain no 
information as to the chemical constitution or structure of the com- 
pound. But the fact is otherwise. As a rule, the refraction does not 
vary : carbon, for instance, whether alone as in the diamond, or 
combined in such diversified bodies as bisulphide of carbon, coal gas, 
cyanogen, alcohol, paraffin, sugar, and a humlred others, is exerting 
the same influence on tho rays of light which traverse it ; but there 
are certain compounds of carbon, in which it exerts a different influ- 
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once, and it is from the consideration of this property — a wholly 
independent means — that we arc able to confirm, or otherwise, our 
theoretical viows of their constitution. This may be illustrated by 
the simpler case of iron. It is well known that one atom of iron 
will combine with cither two or three univalent atoms, forming two 
classes of salts, which arc totally distinct. Now in the ferrous salts, 
such as FcCl^,, that have been examined, the refraction equivalent is 
12*0, while in the ferric salts, as FcCli, it is 20* 1. 

To return to carbon. It is well known that one atom of this 
element usually combines with four univalent atoms or radicles such 
as H . Cl . HO . NO 2 . CHi, or two divalent atoms such as O . S. In the 
immense multitude of carbon compounds of this order, the carbon is 
invariably found to have a refraction equivalent of 5*0. This is 
independent of the manner of combination, so that isomers such as 
chloride of ethylene and chloride of cthylideno have precisely the 
same value. 

There is, however, a largo group of bodies, in which tlie carbon is 
not saturated in the same way, but wo arc obliged to imagine tliat six 
atoms arc associated togrther in each molecule, and tliat tliey thus 
combine with six univalent atoms. This largo group forms what 
chemists call the aromatic group, of which benzene, aniline, oil of 
bitter almonds, benzoic acid, carbolic acid, are well-known members. 

To the mind of the chemist, there is a very wide distinction in the 
fundamental constitution of those tw’o classi s of carbon comjiounds. 
The refraction goniometer exhibits this wide distinction in another 
way, for every member of this aromatic group which has been 
examined gives a value 6 or 7 above that which it would bo if cal- 
culated on the supposition that carbon equals 5. 

The naphthalene group has evidently a very dilTeront ultimate 
molecular structure, im which ten atoms of carbon are supposed to bo 
associated. The refraction is II or 15 higlier than the amount cal- 
culated from the value already given. 

These three groups are typically expressed : — 


H II II 


n 

1 

1 

II— c n 

ll-l " 

1 1 

(’ II 

II— r — 11 

1 " 

1 

ii, 

1 

L-IJ 

1 

H 


Il-C 

C/'" '-C" 
1 1 


1 

11 


1 1 

11 11 


Marsh Guj* 



N iphthalcne 



Anthracene is probably more complicated, and its rrfraction 
exceeds the theoretical amount by a still larger quantity. Jn fact, 
refraction and dispersion increase very rapidly with the number of 
atoms of carbon that are not combined with at least two of hydrogen 
or their equivalent. 
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It is evident that this may afford a moans of dote rminin^ to what 
group a doubtful body may belong. Thus a colourless oily body, 
with a pleasant odour, named furfurol, has boon obtaiiuid from bran. 
The i)roportionK of tlic elements are CalliO,, but it ^^as quite a matter 
of opinion ^\hotllor tlie live atoms of carbon \\ero combined as above 
witli II and O counting for eight, and tliendore tliat furfurol was 
analogous in constitution to the essential oils ((^,JI,„or (), .ILj, or 
whether it contained two of hydroxyl, HO, in A\liich case it would bo 
more analogous to the aromatic grouj), since there would bo five 
carbon atoms to four univalent radicles, like benzene C,.!!,, minus 
CIL. Now, the refraction equivalent of fuifurol is 42*1^, ^vhich 
differs from the calculated value by (rd, about tlie same diffe rence 
as wo find in the aromatic group, and far exceeding that observed 
in the case of the essential oils.* 

Bc'sides determining in this way the class of bodies to wdiich a 
substance belongs, it is also evident that the prism may throAV light 
on the constitution of groujm of complex isomers, and we may expect 
tliat its indications will in many ways have an important inlluence on 
tlie theoretical chemistry of the future. 

IJ. II. G.) 


tliih (lisGdiu'riG was (hliv«ie<l I Iki\» llisit rioi nl icscjiij Iils 

li.iNc fchowD cLi(.iiiuvd r(MbOii^ for nbbociating iuifuiol witli Iho l)(.nzi.iie j^ioup 




Friday, April 13, 1877. 


Gkorge Busk, Esq. F.E.S. Treasurer and Vicc-Prcsidout, 
in the Chair. 

William Spottiswoodb, Esq. M.A. LL.D. Treas. R.S. Sec. ll.I. 

Experiments with a Great Induction Coil. 

The experiments shown in this discourse were in illustration of the 
power of an induction coil constructed for mo by Mr. Apps, and 
described in full in the ‘ Philosophical Magazine^ for January of this 
year. The f(dlowing are, how'ever, the particulars of its principal 
parts. The coil, as arranged on this occasion, has a core consisting 
of a bundle of iron wires, each *032 inch thick, and forming together 
a solid cylinder 44 inches in length, and 3*56 inches in duimtder. 
Its weight is 67 lbs. The copper wire used in this primary is 660 
yards in length, *096 inch in diameter, has a conductivity of 93 per 
cent., and offers a total, resistance of 2*3 ohms. It contains 1314 turns 
wound in six layers, has a total length of 42 inches, with an internal 
diameter of 3*75 inches, and an external of 4*75 inches. The total 
weight of this wire is 55 lbs. 

The secondary consists of 280 miles of wire, forming a cylinder of 
37*5 inches in length, 20 inches in external, and 9*5 inches in internal 
diameter. Its conductivity is 94 per cent., and its total resistance is 
equal to 110,200 ohms. 

The condenser required for this coil proves to be much smaller 
than might have been at first expected. After a variety of experi- 
ments, it appeared that the most suitable size is that usually employed 
with a 10-inch spark coil, viz. 126 sheets of tinfoil 18 inches by 8*25, 
separated by two thicknesses of varnished paper, the two thicknesses 
measui’ing *011 inch. 

When so arranged, this coil gave, with five (piart colls of Grove, a 
spark of 28 inchc6 ; with ten similar cells, one of 33 inches ; witJi 
thirty such cells, one of 37*5 inches, and subsequently one of 4& inches. 

When the discharging points weie placed about an inch apart, a 
flowing discharge was obtained, both at making and at breaking the 
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primary circuit. The sound which accompanies this discharge im- 
plies that it is intermittent. 

With a 28-iiich spark, produced by five quart cells, a block of flint 
glass 3 inches in thickness was pierced. 

When a Leyden battery, having a coated surface of 10 feet, was 
inserted as a secondary condenser, the spark was sufficiently brilliant 
to allow its spectrum to be projected on a screen. In this spectrum 
tlie principal metallic lines were distinctly visible to the audience. 

A Leyden battery, having a coated surface of 20 feet, was charged 
with 4 sparks from the coil. 

In further exemplification of the power of this induction coil, 
some experiments were devised so as to exhibit to the audience effects 
previously observed only in a revolving mirror. 

When, as is generally the case witli an induction spark, the dis- 
charge occupies an appreciable interval of time, the image of it seen in 
a revolving mirror aj)poars spread out to a breadth proportional to its 
duration, and to the velocity with which the mirror revolves. The 
successive phases of the phenomena arc then arranged in successive 
positions, and may be studied soparatidy, even when too rapid to bo 
disentangled by the unassisted (‘yc. This method, however, is adapted 
to only one or, at most, two observers at a time. 

In experiments with luminous objects where there is sufficient 
brilliancy of light, the image as seen in a revolving mirror may 
bo lU’ojectod upon a screen by rc]>laciug the plane by a concave 
mirror of suitable focal length; but the c()nij)arative feebleness of 
light in vacuum tubes, even when illuminated by the great coil, 
rendered even this method inapplicable for th(i purposes of an 
audience. With a view to overcoming the difficulty, 1 next tried the 
effect of causing the tube itself to move during the discharge ; and 
after a variety of experiments, I finally attached the tubes to the 
wooden arms about 0 feet in length, which were made to revolve 
about their centre like the arms of a wdudmill, and succeeded in ex- 
hibiting the phenomena on a large scale. The instrumental anauge- 
meiits were in substance similar to those of a (lassiot’s star ; but the 
discharges, instead of being almost instantanoous, were of long 
duration ; and instead of appearing as mere radii, they covered sectors 
of appreciable angle, sometimes semicircles, or even more, about the 
centre. 

Tin’s being so, every stratification which remained fixed during 
the entire discharge described the arc of a circle, and a column of 
strife appeared as a series of concentric luminous rings or portions of 
rings, according to the duration of the discharge. Similarly, striaa 
which were moving in one direction or auotlior aUmg the tube, 
described arcs of spimls, tlie polo of which was situated towards the 
beginuiug or end of the discharge, according ns the motion was from 
the centre towards the extremities of the arms, or from the extremi- 
ties towards the centre. 

Any alteration in the velocity of the striao along the tube, or 
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proper- motion as I have termed it, was shown by a corresponding 
alteration in the curvature of the spiral ; and any intcrmittcnce in the 
discharge by a dark sector in the field. In this manner the whole 
behaviour of the strioo during their brief period of existence was 
delineated on the serccn. 

The following are some of the general conclusions derived from the 
experiments repeated in this discourse. 

I. The thin flakc-like stria% when sharp and well defined, are 
eitlier short lived or have little proper mc»tion, or both. 

II. The api)areut irregularity in the distribution of the strife as 
seen by the eye, is due to tlieir unequal duration, and to the various 
periods at which tliey are renewed. 

III. The proper motion of the strife is generally directed towards 
the positive terminal ; and its velocity varies only within very narrow 
limits. 

IV. Flocculont strife, such as are usually seen in carbonic acid 
tubes, arc a compound phenomenon ; and are duo to a buccession of 
short-lived striie vvliich are regularly nuiewcd. The i)Ositions at 
wliich the renewals take pLico determine the apparent projier motion 
of the fiocculciit stria). 

V. Tlio velocity of proper motion varif's, otlicr circumstances 
being the same, with the diameter of the tube. This was notably 
excmjditiod in a conical tube. 

VI. AYlun the proper motion exceeds a certain limit, tlie striro 
appear to the eye to be blended into an unbroken column of light, 
and all trace of btratification is lost. The mirror will in many cases 
resolve this column into its component striie, but not in all. 

The discharge from a Leyden jar, when sufiicimlly clmrgcd, is, as 
is well known, continuous through its entire length ; but it still 
exhibits a dissyrametiy in extending from the point of the positive to 
the hilt of the negative ttrminal. It is, moreover, so far as our 
lU'cseiit 'instrumental moasuremeiitb extend, instantaneous, and cannot 
1)0 spreful out by a revolving mirror. Lastly, it cxliibits no trace of 
stratification. This difiercnce of effect appears to deiicnd on that of 
tension. This was established by some experiments described in the 
‘Proceedings of the Iloyal Socu*ty,’ 1877, vol. xxv. p. 73, and tend 
to show that this cliaracter of tlie jar diselnirge is duo to tension. 

A curious illustration of this was showu by inserting a Leyden jar 
in a h>op circuit with the tube, Ly this means the cm re nt w as 
divided; one part weut to charge the jar, while the otlicr part went 
directly through the tube. As long as the tension in the jar re- 
mained below a certain limit, the coil alone acted in the tube; but as 
soon as the charge in the jar w^as sufficient, it discharged itself 
through the tube. As seen in the mirror, the fkdd of view showed first 
a stratified discharge, and then, following immediately upon it, a jar 
discharge or unbroken line of liglit. 

It is, however, imjKissible to convey any adequate idea of tlioso 
phenomena by more (Icscription ; and the reader who desires fuller 
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illustration of tho subject is referred to the figures which accompany 
my t)aper in the ‘ Proceedings of the Royal Society/ 1877, voL xxv. 
p. 73. 

At the close of tho discourse I expressed a hope that it might 
prove possible with this great coil to photograph the image of the 
phenomena here described ; and I am glad to add that subsequent 
experience tends to confirm this hope. 

[W. S.J 
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The discourses at tlie Ro^al Institution aic unique in character. 

each Friday between October and June, a well-known authority 
♦ ^vited to give a general review of his subject, and he is asked not 
j assume any expert scientific knowledge on the part of his listcncis. 
i tradition has grow'n up around the “Royal Institution Discourse’* 
hich is regarded as a special occasion calling for a talk distinguished 
simplicity and clarity and, when appropiiaie. illustrated by 
interesting expeiiments and demonstrations. Most of the discourses 
.4re on scientific subjects, but the arts arc also represented. 

"I'hese talks,, present a broad survey of current scientific thought 
ail * achievement. They cany the authority of the famous men who 
ha* • given theui and at the same time they are easy to understand. 
Their gr-* inte ’e ’ orovides the justification l‘oi their being publbhed 
in the present lo» i. No attempt has been n^de to select; all have 
been included bevause it is lare to find one lacking in interest today. 
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